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PREFACE 1 

Afte r  t h e  c l o s e  of World War 11, which saw the  advent of 

t h e  je t -propel led  guided m i s s i l e  i n  warfare,  the  United S t a t e s  

Army es tab l i shed  requirements f o r  t h e  development of surface-  

to-surface  guided missile a r t i l l e r y  t o  provide e i t h e r  nuclear  

o r  non-nuclear f i r e  support .  To supply the  s c i e n t i f i c  knowledge 

e s s e n t i a l  t o  t h e  development of t a c t i c a l  guided missiles, t h e  

Ordnance Department i n s t i t u t e d  explora tory  research  programs 

under t h e  ORDCIT P r o j e c t  a t  t h e  Jet Propulsion Laboratory and 

t h e  HERMES Pro jec t  a t  the  General E l e c t r i c  Company. The 

t echn ica l  knowledge and experience gained i n  these  programs 

paved t h e  way f o r  t h e  l iquid-fueled  CORPORAL missile system, 

which reached t h e  f i e l d  i n  1954, and t h e  second-generation 

SERGEANT missile system, which replaced t h e  CORPORAL i n  1962-63 

and now s tands  on guard a s  a d e t e r r e n t  t o  aggression i n  Europe 

and the  Far  Eas t  . 
This  ziocograph t r a c e s  the  evolutior: of t h e  SERGEANT weapon 

system from i ts  incept ion  through development, production, and 

deployment. The f i r s t  chapter  chronic les  the  technological  

advancements and f e a s i b i l i t y  s t u d i e s  leading t o  t h e  i n i t i a t i o n  

of system development i n  1955. The next  two chapters  focus on 

t h e  problems and weaknesses inherent  i n  t h e  con t rac tua l  and 

p r o j e c t  management s t r u c t u r e  and t h e i r  impact on the  execution 

of t h e  program. The remaining n a r r a t i v e  t r a c e s  the  weapon system 

through the  var ious  s t a g e s  of design,  development, production, 

deployment, and product improvement. The study ends wi th  a 

resume of t h e  cu r ren t  s t a t u s  of t h e  weapon system and a b r i e f  

glimpse i n t o  i t s  f u t u r e  a s  an a c t i v e  member of the  Army's land 

combat fo rces .  

21 January 1971 Mary T. Cagle 
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CHAPTER I 

(a ORIGIN OF THE SERGEANT PROJECT (U) 

/ 

(U) Advent of the Guided Missile 

(U) Like other  Army guided miss i le  systems developed i n  the 

l a t e  f o r t i e s  and ear ly  f i f t i e s ,  the SERGEANT could t race  i t s  

o r ig in  back t o  the  emergence of the  guided miss i le  i n  World War 

I1 and the exploratory research e f f o r t  conducted by the J e t  

Propulsion Laboratory under the famous ORDCIT project .  Although 

American s c i e n t i s t s  were ac tua l ly  the f i r s t  t o  ou t l ine  the basic  

pr inciples  of jet-propelled guided miss i les ,  the Germans developed 

the  f i r s t  long-range surface-to-surface miss i le  and used i t  

against  the  Americans and t h e i r  a l l i e s .  

(U) Rumors c i rcu la t ing  through the Polish underground i n  

ear ly  1943 a l e r t ed  Br i ta in  t o  the secre t  rocket development on 

the  Bal t i c  is land of Peenemiinde. The B r i t i s h  countered t h i s  

th rea t  with a massive a i r  a t t a ck  on Peenemiinde i n  August 1943, 

s e t t i n g  back H i t l e r  ' s highly touted vengeance weapon well over a 

year.1 Passing almost unnoticed a t  the  time, a radio  controlled 

g l i de  bomb launched from a German plane s t ruck a B r i t i s h  ship  i n  

the  Bay of Biscay, marking the f i r s t  use of guidance fbr miss i les  

i n  warfare--a pr inciple  which, when combined with j e t  propulsion, 

l ed  t o  the  guided missile.  
2 

(U) During the ear ly  hours of 13 June 1944-exactly a week 

a f t e r  D-Day-25 Nazi V - 1  buzz bombs came screaming across the  

English channel, four of them exploding in  the foggy darkness of 

l ~ r t h u r  Bryant, The Turn of the Tide, 1939-1943 (N. Ye, 1957), 
pp. 556-57, 5930 

%G H. N e  Toftoy, "Army Missile Development, l1 Army Information 
Digest, Vol. 11, No. 12 (Dec 1956), p. 21. 



London. Two days l a t e r ,  more than 200 V - 1 ' s  came across the  

channel wi thin  24 hours, and over 3,000 followed i n  the  next 

5 weeks. Using the  j e t  propulsion pr inc ip l& the V - 1  had a 

maximum range of about 150 miles. It was guided by a preset  gyro , 
device and had a 16-foot wing span with a j e t  engine b u i l t  above 

the  t a i l  and an i ron tube f i l l e d  with explosives giving the  e f f ec t  

of a 1-ton bomb. The r e l a t i ve ly  slow V-1, a 400-mile-per-hour 

(mph) pulse j e t ,  a t t a ined  a l t i t u d e s  up t o  3,000 f e e t  and then 

dived t o  the  ear th  with an e e r i e  wail.  Vigorous countermeasures 

were adopted, most of them based on radar detection,  balloon 

barrages, and heavy bomber a t tacks  on the  launching s i t e s .  By 

the  end of August 1944, not more than one bomb i n  seven pene- 

t r a t ed  t he  defenses around London and the  V-1  had been mastered. 3 

(U) Then, i n  t he  ear ly  evening of 8 September 1944, the  f i r s t  

two V-2 miss i les ,  ~ i t l e r ' s  celebrated vengeance weapon, l e f t  t h e i r  

launchers on the ou t sk i r t s  of The Hague, Netherlands, and headed 

toward London. Six  minutes l a t e r ,  they h i t  t h e i r  t a rge t s  with 

de*;astating e f f ec t ,  one detonating a t  Chiswick and the  other a t  

Epping. Hurtl ing s i l e n t l y  out of the  stratosphere,  the  V-2 had 

even more heinous p o s s i b i l i t i e s  than the  V-1. It was a tapered, 

wingless p ro j ec t i l e  about 45 f e e t  long and car r ied  some 2,200 

pounds of explosives. It was propelled by the  combustion of 

alcohol and l i qu id  oxygen, and controlled by gyroscopes or  by 

radio s igna ls  operating on large graphite vanes placed behind the  

je t .  The 4,000-mph V-2 flew a b a l l i s t i c  t ra jec tory ,  reached some 

50 miles above the  ear th ,  and f e l l  200 miles from the launching 

s i t e  t o  bury i t s e l f  and explode with the e f f ec t  of a 2-ton bomb. 

Unlike the  V-1 ,  it gave no warning to  i t s  victims. 4 

J (1) GEN Dwight D. Eisenhower, Crusade i n  Europe (N. Y. ,  
m i ) ,  p. 497. (2) Lynn Montross, War Through The Ages (N. Y. ,  
1960), p. 927. (3) Winston S. Churchill & Editors of -- Life ,  The 
Second World War (N. Y ., l959), Vol. 11,. pp. 413-15. 

4 (1) Ibid. ,  pa  416. (2) Montross, op. c i t . ,  p. 939. 

2 



(U) Germany was years ahead i n  the  development of guided 

miss i l es ;  however, by t h e  time t he  V-1 appeared on t he  scene, 

t he  United S t a t e s  had already recognized the  g r ea t  po t en t i a l  of 

these  weapons and had made a good s t a r t  i n  t h e i r  development. 

Proposals t o  develop a V-1 type of miss i l e  had been advanced a s  

e a r l y  a s  1941, but  it was not  u n t i l  the  buzz bomb a t t a cks  on 

England t h a t  t he  War Department i n i t i a t e d  the  project .  Known a s  

t he  JB-2, o r  LOON, t h i s  450-mph pulse j e t  was very s imi la r  t o  

t h e  V-1. Large-scale production was wel l  underway when V-E day 

l e d  t o  cance l la t ion  of most of t he  procurement order.  The- 

ava i l ab l e  LOON'S, together with captured V-2 miss i les ,  were used 

by t he  th ree  services  f o r  experimental work and f o r  t ra in ing.  7 

(U) The ORDCIT Project  

(U) Meanwhile, t he  Ordnance Department i n i t i a t e d  a long- 

range research and development program t h a t  paved the  way f o r  

(U) Many countermeasii& were t r i e d  and s t i l l  more explored, 

but nothing could be done once t he  miss i l es  were launched. 

Neither planes, nor a n t i a i r c r a f t  guns, nor balloons were of any 

a v a i l  aga ins t  the  g ian t  rockets.  Before the  Al l i ed  armies could 

l i b e r a t e  t he  launching s i t e  7 months l a t e r ,  some 15,000 V-lYbuzz 

bombs and over 2,500 V-2 rockets had been f i r e d  aga ins t  England 

and Al l i ed  forces  i n  Europe. A t  t h e  war's end, t he  Germans were 

wel l  along i n  the  development of both a n t i a i r c r a f t  miss i l es  and 

improved versions of t he  V-2 surface-to-surface miss i le .  But 

t h e  German order t o  evacuate Peenemiinde on 3 Apr i l  1945 forever 

placed t he  mi l i t a ry  fu tu r e  of the  V-2 i n  t he  realm of "it might 

have been. 116 

5 (1) Churchil l ,  op. c i t . ,  p. 416. (2) Toftoy, op. c i t . ,  
pp. 21-22. 

'waiter Dornberger, V-2 (N. Y., 1954), pp. 268, 271. 

7 ~ o f t o y ,  op. c i t . ,  pp. 22, 24-25. 
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t h e  SERGEANT and o t h e r  advanced guided missile systems now i n  

t h e  Army's a r s e n a l  of opera t ional  weapons. A t  t h e  behest  of t h e  

Ordnance Department i n  1943, t h e  B a l l i s t i c  Research Laboratories  

a t  Aberdeen Proving Ground and t h e  Guggenheim Aeronautical  

Laboratory of t h e  C a l i f o r n i a  I n s t i t u t e  of Technology (GALCIT) 

conducted prel iminary f e a s i b i l i t y  s t u d i e s  of surface-to-surface 

guided missiles. Impressed wi th  t h e  favorable  r e s u l t s  of these  

s t u d i e s ,  t h e  Ordnance Department requested t h a t  CIT undertake a 

r e sea rch  and development program on long-range rocket-propelled 

guided missiles. This  reques t  l e d  t o  t h e  ORDCIT pro jec t ,  t h e  

f i r s t  of i ts  kind i n  t h e  United S t a t e s  and t h e  o l d e s t  of t h e  

Army's missile p ro jec t s .  

(U) I n  June  1944, t h e  Office,  Chief of Ordnance (OCO) 

awarded GALCIT a $3,300,000 c o n t r a c t  f o r  genera l  research  lead- 

ing t o  t h e  development of long-range guided missiles. Later  t h a t  

yea r  t h e  GALCIT a c t i v i t y  was reorganized and designated as t h e  

Je t  Propulsion Laboratory (JPL) of CIT. By December 1944, ex- 

perimental  work a t  JPL had confirmed t h e  f e a s i b i l i t y  of jet- 

propel led  missiles,8 and OCO es t ab l i shed  two more research  and 

development (UD) programs: t h e  HERMES surface- to-surface  

missile (SSM) p r o j e c t  a t  t h e  General Electric Company, and the  

NIKE a n t i a i r c r a f t  guided m i s s i l e  p r o j e c t  a t  t h e  Be l l  Telephone 

Laboratories .  I n  1945, t h e  JPL research  f a c i l i t i e s ,  which had 

been expanded and l a r g e l y  financed under wartime defense con- 

t r a c t s  wi th  t h e  GALCIT resea rch  group, were acquired by t h e  

8 ~ h e  experimental phase cons is ted  of 24 PRIVATE "A" r e sea rch  
test v e h i c l e  f i r i n g s .  This  529-1b. m i s s i l e  was 92 inches long 
and 9.6 inches i n  diameter.  It c a r r i e d  a 60-lb. dummy payload 
and a 192-lb. charge of GALCIT 61-C r e s t r i c t e d  burning s o l i d  
p rope l l an t  which consis ted  of potassium c h l o r a t e  and an aspha l t -  
o i l  mixture a c t i n g  both a s  a f u e l  and binder.  A l l  of t h e  t e s t  
ob jec t ives  were achieved, t h e  f u l l y  charged rounds reaching t h e  
expected range of 18,000 yards.  OCO Pub, "Army Ordnance Depart- 
ment Guided Miss i l e s  Program," 1 J a n  48, pp. 26-27. Toftoy Papers, 
H i s t  Div F i l e .  
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U. So  Engineers and became a Government-owned a c t i v i t y  operated 

(U) The ORDCIT program, i n  e f f e c t ,  supported a l l  o the r  

guided m i s s i l e  con t rac t s  c a l l i n g  f o r  s p e c i f i c  miss i les .  It em- , 
braced fundamental research,  development, and t e s t i n g  of s o l i d  

and l i q u i d  propulsion systems, guidance and con t ro l  techniques, 

guided m i s s i l e  research t e s t  vehic les ,  and o the r  r e l a t e d  subjects .  

A s  t o  ob jec t ives ,  the  p r o j e c t  was t o  increase progress ively  the  

s i z e  and complexity of the  var ious  miss i l e s ,  beginning wi th  the  

experimental PRIVATE s e r i e s  and continuing through t h e  CORPORAL 

and SERGEANT guided missiles . 
(U) By September 1945, t h e  f e a s i b i l i t y  of a supersonic 

guided m i s s i l e  had been successful ly  demonstrated; however, the  

research engineers were confronted wi th  innumerable problems 

t h a t  required  so lu t ion  before a t a c t i c a l  guided m i s s i l e  could be 

rea l i zed .  The na tu re  of these  problems became apparent i n  t h e  

17-round PRIVATE l1F" f i r i n g  program conducted e a r l y  i n  Apr i l  1945. 

I n  none of t h e  17 f i r i n g s  was s a t i s f a c t o r y  f l i g h t  produced, a 

s teady r o l l i n g  motion developing i n  every case  about 10 seconds 

a f t e r  launching. JPL concluded t h a t  small high-speed miss i l e s  

would have t o  be constructed wi th  extraordinary p rec i s ion  o r  be 
10 equipped wi th  an a u t o p i l o t .  . .. 

(U) A t  t he  c l o s e  of World War 11, s c i e n t i s t s  were on t h e  

'(1) Ib id . ,  pp. 1, 38, 55. (2) Toftoy, op. c i t . ,  pp. 22-23. 
(3) James W.  Bragg, Development of the  CORPORAL: The Embryo of t h e  
Army Miss i l e  Program (2  Vols, ABPlA, Apr 1961), I:3-7. (This mono- 
graph contains a comprehensive h i s t o r y  of the  JPL/CIT and the  ORD- - - 
CIT pro jec t ,  and is commended t o  any reader des i r ing  broader infor-  
mation on these  top ics  .) 

( I )  I , I :  (2) OCO Pub, "Army Ordnance Department 
Guided Miss i les  Program," 1 J a n  48, pp. 1, 20-21, 27. Toftoy 
Papers, H i s t  Div F i l e .  (3) The PRIVATE "Fl1 was s imi la r  t o  the  
PRIVATE "A" i n  physica l  dimensions, but  c a r r i e d  a smaller  175-lb. 
charge of GALCIT 61-C s o l i d  propellant .  Ibid.,  p. 26. 
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verge of many new discover ies  and improvements i n  p r a c t i c a l l y  a l l  

f i e l d s  of m i l i t a r y  equipment. But with t h e  dawn of t h e  Atomic 

Age i n  August 1945 and the  cessa t ion  of h o s t i l i t i e s  t n  September, 

rocket  and guided m i s s i l e  development took a back s e a t  i n  the  

na t iona l  defense budget and remained a minor, almost obscure item 

throughout t h e  f i r s t  5 postwar years.  
11 

(U) The S t i l w e l l  Board Report 

(U) A s  a r e s u l t  of experience gained i n  World War I1 and t h e  

astounding revolut ion of weapon technology, t h e  t a c t i c a l  organiza- 

t i o n  and equipment needs of ground combat forces  underwent a number 

of changes, most of them r e f l e c t i n g  a trend toward g r e a t e r  emphasis 

on f i r e  power and mobil i ty.  It was with these  changes i n  mind t h a t  

t h e  War Department Equipment (S t i lwe l l )  Board convened e a r l y  i n  

1946 t o  formulate a new pol icy  f o r  equipping t h e  postwar army. 

(U) Even under i d e a l  condit ions,  m i l i t a r y  leaders  r e a l i z e d  

t h a t  considerable time would be required  from t h e  conception of 

the  need f o r  a p iece  of equipment t o  i t s  development, test, pro- 

duction,  and de l ive ry  t o  t h e  troops. The l i m i t a t i o n s  t h a t  were 
- .. 

s u r e  t o  be imposed on funds during t h e  postwar period, coupled 

wi th  t h e  shortage of research t a l e n t ,  d i c t a t e d  the  most c a r e f u l  

s e l e c t i o n  of i t e m s  f o r  development. I n  general ,  the  program would 

fol low two p a r a l l e l  courses: vigorous research and development of 

new o r  an t i c ipa ted  types of equipment, and continued improvement 

of e x i s t i n g  equipment a s  an in ter im measure. I n i t i a l l y ,  t h e  bulk 

of funds a l l o t t e d  f o r  rockets  and guided miss i l e s  would be 

apportioned t o  bas ic  research.  12 

'$or a background h i s t o r y  of the  p o l i t i c a l  and m i l i t a r y  
c l imate  t h a t  shaped t h e  na t iona l  defense program during t h e  post-  
war period,  = Mary T. Cagle, History of the  Basic (M31) HONEST 
JOHN Rocket System, 1950-1964 (MICOM, 7 Apr 64), pp. 1-15. 

'%ar Dept Equipment (S t i l w e l l )  Board Report, 29 May 46, pp. 
i, 3-4, 47, 49. Redstone S c i e n t i f i c  Information Center (RSIC). 



(U) While recognizing the  necess i ty  fo r  maintaining a well- 

equipped ground combat force,  t h e  S t i lwe l l  Board recommended t h a t  

t he  "measures necessary t o  assure  t he  continuous a v a i l a b i l i t y  

and development of more potent or  improved atomic weapons and 

su i t ab l e  c a r r i e r s  thereof and t he  development of defensive " 

measures against  atomic weapons be accorded p r i o r i t y  over a l l  

other  National Defense projects.  "13 The board concluded t ha t  t he  

atomic explosive was not adaptable fo r  use i n  a r t i l l e r y  weapons 

but "upon perfect ion of rockets and guided miss i les ,  may be used 

i n  a warhead." With rockets and miss i les  ye t  i n  t h e  ea r ly  re-  

search stage,  t he  achievement of operational  atomic weapons fo r  

b a t t l e f i e l d  use necessar i ly  f e l l  i n  t he  realm of the  d i s t a n t  and 

somewhat hazy future .  Meanwhile, t he  explosive would be "carried 

by an a i r c r a f t  a s  a bomb" and used pr inc ipa l ly  "against remunera- 

t i v e  t a rge t s  such a s  c i t i e s ,  v i t a l  i ndus t r i a l  areas ,  ports ,  naval 

concentrations, and bases." The repor t  continued: 

. . . The bes t  defense appears t o  be t o  convince t he  e n t i r e  
population of enemy c ~ u n t r i e s  t h s t  t h i s  country i s  prcparez t o  
r e t a l i a t e  immediately on any aggressor, and w i l l  answer any 
unprovoked a t t a ck  by wholesale devastat ion produced by atomic 
bombs, b iological  agents and l e t h a l  gases of g rea t  in tens i ty .  14 

Though not recognized a s  such a t  t ha t  time, t h i s ,  i n  essence, was 

the  nuclear de t e r r en t . o r  massive r e t a l i a t i o n  doctr ine  that. was t o  

r u l e  t he  na t iona l  defense e f f o r t  f o r  years t o  come. . 

(U) Revision of t he  ORDCIT and HERMES Programs 

(U) The scope of t he  postwar research and development e f f o r t  

w a s  tempered by t he  guidelines s e t  down i n  t he  S t i lwe l l  Board 

Report and t he  implementing policy statement issued by the  

Director of R&D i n  October 1946. The l a t t e r  d i r ec t i ve  s ta ted:  

Ibid. ,  p. 8. (Underline indicates  i t a l i c s  used i n  the 
S t i lwe l l  Board Report.) 
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"P rac t i ca l  development w i l l  not  be rushed ahead of sound knowledge. 

Solut ion of t h e  fundamental problems of propulsion, con t ro l ,  and 

aerodynamics w i l l  be considered of primary importance i n  t h e  

immediate program. "15 This pol icy  guidance, together with t h e  

a t t endan t  shor tage  of Army R&D funds and t h e  t echn ica l  problems 

encountered in t h e  PRIVATE "F" test  f i r i n g s ,  l e d  t o  a r ev i s ion  of 

t h e  ORDCIT and HERMES programs. 

(U) Ins tead of developing s p e c i f i c  missiles t o  meet t a c t i c a l  

o r  s t r a t e g i c  requirements, JPL was t o  focus primary emphasis on 

fundamental inves t iga t ions  underlying t h e  broad f i e l d s  of j e t  

2xopulsion and guided miss i les .  A s  a r e s u l t ,  t h e  SERGEANT m i s -  

s i l e  was el iminated from t h e  immediate program object ives ,  

leaving only t h e  CORPORAL research test veh ic le  series. Similar  

changes were made i n  t h e  HERMES program, the  e f f o r t  a t  General 

E l e c t r i c  being devoted t o  research f i r i n g s  of captured V-2 

m i s s i l e s  and t o  b a s i c  and appl ied  research leading t o  t h e  develop- 

ment of guided m i s s i l e s  s u i t a b l e  f o r  use  aga ins t  s'urface t a r g e t s .  
16 

(U) S e t t i n g  t h e  Stage f o r  SERGEANT 

(U) MG H. N. Toftoy, t h e  prime mover behind t h e  Ordnance 

guided missile program during t h e  lean years  of t h e  l a t e  19401s, 

l a t e r  wrote: "The c a r e f u l l y  planned long-range research and 

development program . . . was a form of ' cas t ing  bread upon the  - - 

waters , '  f o r  i ts  r e t u r n s  were many fold .  "I7 The technological  

progress achieved during those  years of pass ive  support and 

shoes t r ing budgets paved t h e  way f o r  t h e  t a c t i c a l  CORPORAL 

l 5 ~ e m o  f o r  CG, AFF, et a l . ,  10 Oct 46, subj: Review of 
Guided Missile Projs .  Toftoy Papers, His t  Div F i l e .  

16(1) CAPT R e  C.  Miles, compiler, 'The History of t h e  ORDCIT 
Pro jec t  up t o  30 June 1946," n.d., p. 34. RSIC. (2) Bragg, 9. 
c i t  I: 8. (3) OCO Pub, "Army Ordnance Department- Guided Miss i les  -. 3 

Program," 1 J a n  48, pp. 1, 20-21, 38. Toftoy Papers, His t  Div F i l e .  
17 Toftoy, op. c i t . ,  p. 25. 
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guided miss i l e  system and the  second-generation SERGEANT weapon 

system. The f i r s t  l a rge  so l i d  propellant  guided miss i l e  t o  be 

adopted fo r  f i e l d  use by t he  Army, the  SERGEANT was, by a l l  

appl icable  standards, t r u l y  a triumph of technology. It con- 

t r ibu ted  l i t t l e  o r  nothing i t s e l f  t o  the  a r t  of so l i d  propeflant  

rocketry, but  was r a the r  t he  beneficiary of t he  knowledge and 

experience accumulated i n  two successes and a fa i lu re :  

-The l iquid-fueled CORPORAL - a success, but with opera- 
t i ona l  l imi ta t ions  t h a t  l e f t  much t o  be desired.  

-The Early SERGEANT - a f a i l u r e ,  but  a g ian t  s t e p  forward 
in so l i d  propel lant  rocketry. 

-The HERMES A2 - a success t h a t  proved the  f e a s i b i l i t y  of 
l a rge  s o l i d  propel lant  rocket  motors. 

Early Advances i n  Sol id  Propellant  Technolopy 

(U) The advantages of s o l i d  propellant  rocket  motors over 

l i qu id  fue l  engines had been recognized very ea r ly  i n  World War 

' 11, but t he  f e a s i b i l i t y  of l a rge  so l i d  propellant  motors fo r  

t a c t i c a l  weapon appl icat ion was ye t  t o  be es tabl ished a t  the  

war's end. Beginning i n  1941, t he  GALCIT research group had 

developed the  restr icted-burning asphalt-base propellant  f o r  j e t  

a s s i s t ed  takeoff ( j a to )  un i t s .  By 1943, these so l i d  j a to  un i t s  

had been perfected t o '  t he  point  where the  Aerojet General .- 

Corporation took over t h e i r  quanti ty production f o r  a i r c r a f t  

appl icat ion;  however, they suffered from many defects  t h a t  made 

them unsuitable fo r  use i n  t a c t i c a l  miss i les .  Among these  were 

poor mechanical proper t ies ,  temperature s ens i t i v i t y ,  heat  trans- 

f e r  problems, excessive weight, smokiness, and unsat is factory 

reproduc ib i l i ty  . 
(U) Using t he  r e s u l t s  of t he  PRIVATE "F" research f i r i n g s  a s  

a point  of departure, t he  JPL engineers at tacked these  problems 

with s i gn i f i c an t  success. I n  1946, they developed an improved 

cas table ,  composite propel lant  which used inorganic perchlorates 
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a s  ox id ize r s  and po lysu l f ide  rubber polymers a s  f u e l s  i n  p lace  of 

t h e  a s p h a l t - o i l  base. This  rubber-base propel lant  o f fe red  two 

advantages: f i r s t ,  t h e  metal chamber was not  exposed t o  hot  

gases during burning; and second, t h e  charge required  no support 

o the r  than t h a t  provided by t h e  bond which formed between mbber  

and metal on t h e  i n s i d e  su r face  of t h e  chamber. Since t h e  f u e l  

was o r i g i n a l l y  a l i q u i d ,  p rope l l an t  ingredients  could be mixed 

and poured d i r e c t l y  i n t o  t h e  rocket  chamber. When cured a t  ele- 

vated  temperature, t h e  p rope l l an t  became a tough, rubbery s o l i d  

wi th  very  small shrinkage and s t rong adhesion t o  metals.  The 

good b a l l i s t i c  p roper t i e s  and rubbery character  of t h e  propel lant  

made i t  e s p e c i a l l y  s u i t a b l e  f o r  use a s  internal-burning,  case- 

bonded charges i n  high performance rocket  motors. The r e s u l t s  of 

prel iminary labora tory  tests indicated  t h a t  t h e  propel lant  had 

exce l l en t  mechanical p roper t i e s ,  good s p e c i f i c  impulse and 

densi ty ,  and small temperature s e n s i t i v i t y .  18 

(U) Encouraged by t h e  favorable r e s u l t s  of these  prel iminary 

experiments, t h e  Director  of JPL, i n  October 1947, submitted a 

proposal f o r  app l i ca t ion  of t h e  improved rubber-base propel lant  

t o  medium-size high performance rocket  vehic les .  Fur ther  s t u d i e s  

indicated  t h a t  t h e  same pr inc ip les  could be appl ied  t o  t h e  pro- 

puls ion of l a r g e  missiles s i m i l a r  i n  s i z e  and performance-to t h e  
19 . -. 

V-2 missile. 

- 
"(1) Howard S. S e i f e r t ,  "History of Ordnance Research a t  t h e  

J e t  Propulsion Laboratory, 1945-1953," JPL/CIT, 29 J u l  53, p. 5. 
RSIC. (2) Louis G. Dunn, D i r ,  JPL, "A Study of Surface-to-Surface 
Guided Missiles Using Solid-Propellant  Rockets, " JPL/CIT, 17 J u l  
53, pp. 1.1 - 1.2. SGT Proj  Case F i l e s  (SPCF), Bx 13-826, Records 
Holding Area (RHA) . 

''(1) JPL Memo 4-17, 1 Oct 47, subj: The Appl icab i l i ty  of 
So l id  Propel lants  t o  High-Performance Rkt Vehs. (2) JPL Memo 
4-25, 21 J u l  48, subj: The Appl icab i l i ty  of Sol id  Propel lants  t o  
Rkt Vehs of V-2 S ize  & Performance. Both summarized i n  repor t ,  
Louis G. Dunn, D i r ,  JPL, "A Study of Surface-to-Surface Guided 
Missiles Using Solid-Propellant  Rockets , I 1  JPL/cIT, 17 J u l  53, 
p. 1.2. SPCF, BX 13-826, RHA. 
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The Early SERGEANT Missi le  

(U) Small so l i d  propellant  rocket  motors, using l e s s  than 100 

pounds of propel lant ,  had proved highly successful  i n  some appl i -  

ca t ions ,  such a s  a i r - t o - a i r  and air-to-ground miss i les .  What w a s  

now needed was an advance i n  technology t ha t  would enable t he  

s c i e n t i s t s  t o  design rocket motors using thousands of pounds of 

propel lant  and capable of producing t o t a l  impulse measured i n  

hundreds of thousands of pound-seconds. The Early SERGEANT de- 

velopment program was a bold attempt t o  achieve a breakthrough. 

(U) JPL began work on t he  Early SERGEANT i n  1948, following 

a s e r i e s  of successful  high-acceleration f l i g h t s  of small rockets 

t o  evaluate performance of the  JPL-126 polysulfide rubber pro- 

pe l lan t .  The miss i l e  was 15 inches i n  diameter and about 249 

inches long. Its s o l i d  propellant  rocket  motor-the l a rge s t  

under development a t  t ha t  time i n  the United States-was 180 

inches long and contained a 1,300-lb. charge of JPL-126 propel- 

Iznt .  The miss i l e  was designed t3 f l y  z near-ver t icz l  t r a j ec to ry  

and t o  de l iver  a 92-lb. payload t o  a d is tance of 60 s t a t u t e  miles. 2 0 

(U) JPL loaded and s t a t i c  f i r e d  12 of t he  rocket motors i n  

1949, but conducted no f l i g h t  t e s t s .  Because of t he  l a rge  amount 

of CORPORAL work and the  l imi ted capacity of JPL's mixing-and 

cas t ing f a c i l i t y ,  the  bulk of the  motor development e f f o r t  was 

t rans fe r red  i n  Apri l  1950 t o  the  Redstone Division of the  Thiokol 

corporation.  JPL es tabl ished the  performance requirements f o r  

20 ( 1  I d  p 1.2. (2) JPL Prog Rept #4-76, 15 Nov 48, 
subj: High-Acceln F l t  Tests  of a 6-in. Rkt t o  Test  a Polysulfide- 
Rubber-Fuel Propellant .  RSIC. (3) JPL Engrg Dev Anal #701, 26 May 
48, subj: SGT Design C r i t .  RSIC. (4) Se i f e r t ,  op. c i t . ,  pp. 5, 22. 

2 1 (1) Ibid. ,  pp. 5, 22. (2) Thiokol Rept #6a-50, Dec 1950, 
subj: F ina l  Rept on Contr W-36-034-ORD-7709. RSIC. (3) Thiokol 
moved i t s  propellant  R&D operation from Elkton, Md., t o  Redstone 
Arsenal i n  1949. Fred B. Smith, "History of the  Rocket Develop- 
ment Division, 1949-1953," n.d., pp. 16-17. H i s t  Div F i l e .  
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t h e  motor and contributed both t he  basic  propellant  formulation 

and t he  o r i g i n a l  s t a r  configuration gra in  design. Thiokol's work 

was primarily concerned with improvement of t he  polysulfide rubber 

propel lant  and development of processing techniques and f a c i l i t i e s  
-. 

f o r  loading l a rge  motors. y 

(U) That t he  Early SERGJZANT motor pressed t he  s t a t e  of t he  

a r t  became apparent during JPLts  fu l l - sca le  s t a t i c  f i r i n g s  i n  

1949, p a r t i a l  o r  t o t a l  f a i l u r e  occurring i n  7 of t he  12 motors 

t es ted .  Following a conference a t  Redstone Arsenal i n  September 

1950, t he  s t a r  configuration gra in  design was abandoned i n  favor 

of a cy l i nd r i ca l  core design, and Thiokol undertook a program t o  

solve  t he  underlying causes of motor f a i l u r e .  Substant ia l  i m -  

provements were made i n  t he  physical proper t ies  of JPL-126 pro- 

pe l lan t ;  however, s ca l e  model t e s t s  of t he  redesigned motor i n  

l a t e  1950 and ea r ly  1951 were only p a r t i a l l y  successful .  Weary 

of f a i l u r e  and seeing a sure r  path t o  success i n  a d i f f e r en t  

d i rec t ion ,  t he  Ordnance Corps terminated work on the  Early 

SERGEANT i n  Apri l  1951. While the  prograiil f a t l e d  t o  p r ~ d u c e  an . 

acceptable rocket  motor fo r  t a c t i c a l  miss i l e  application,  it made 

important contr ibut ions  t o  s o l i d  propellant  technology and t o  t he  

rocket  motor t h a t  would eventually bear the  name "SERGEANT. ,122 

The HERMES A2: Progenitor of the  SERGEANT 

(U) Two years elapsed from the  time the  Early SERGEANT was 

abandoned u n t i l  e a r l y  s tud ies  began on the  present-day SERGEANT. 

But even a s  t he  name sl ipped b r i e f l y  from the  l imel ight ,  

impressive, though a s  ye t  unheralded, advances were being made 

i n  so l i d  propellant  technology. More than a year before cancel- 

l a t i o n  of t he  Early SERGEANT, a program destined t o  breathe new 

2 2 ~ e p t ,  TLD 320-66-290, Longhorn Army Ammunit ion Plant ,  
Thiokol Chemical Corporation (LAAPITCC), June 1966, subj: The 
SGT Rkt M t r  R&D - Hist  Sum & Review from Dec 1953 thru  Nov 1961, 
ppe 9-12. RSIC. 



l i f e  k t o  the  SERGEANT had been born. I t s  name was the  HEWS A2, 

one of several  d i f f e r en t  versions of the  HERMES miss i le  under 

study and development by the  General E l ec t r i c  Company. 

*. 
(U) A t  the  behest of OCO, the  General E l ec t r i c  Company,, i n  

1949, conducted a preliminary study t o  determine the  f e a s i b i l i t y  

of developing a low-cost SSM based on the  HERMES A 1  t e s t  missile.  

This study resu l ted  i n  the  proposed HERMES A2 (XSSM-A-13), which 

was designed t o  car ry  a 1,500-lb. payload t o  a range of 75 naut i -  

c a l  miles. The miss i le  would employ applicable portions of the  

A 1  guidance system and have an overal l  length of 244 inches, with 

a -f ixed 31-inch diameter t o  be compatible with the  XW-7 warhead. 

I n  designing the  propulsion system, General E l ec t r i c  (GE) cons id- 

ered both l i qu id  and so l id  motors. A comparative analysis  showed 

t h a t  s o l i d  motors offered th ree  important advantages over l iquids:  

s impl ic i ty  of operation, ease of handling i n  the  f i e l d ,  and lower 

cost .  There were, however, two formidable disadvantages: so l i d  

propellant  technology was l e s s  advanced than t h a t  of l iquids ,  and 

the  f e a s i b i l i t y  of so l id  motors of the  required s i z e  had not been 

proved. Nevertheless, GE, with t he  concurrence of Army s t a f f  

o f f i c i a l s ,  decided i n  favor of a so l i d  rocket motor-a decision 

t ha t  was t o  have far-reaching consequences both for  the  Army's 

miss i le  development program and f o r  the  American rocket industry. 

(U) The Chief of Ordnance, i n  mid-1950, authorized GE t o  

proceed with the  development of a su i t ab l e  rocket motor fo r  the  

proposed HERMES A2 miss i le .  As the  prime contractor,  GE was 

responsible f o r  the  overa l l  design of the  miss i le  and the  estab- 

lishment of motor performance requirements. The Redstone Division 

of the  Thiokol Chemical Corporation, brought i n to  the program in  

May 1950, was responsible f o r  es tabl ishing the  propellant  formula- 

t i on  and grain  design, and f o r  the  manufacture and s t a t i c  t e s t i ng  

of the  propulsion system. JPL served a s  consultant. 

(U) The i n i t i a l  phase of the program had a s  i t s  object ive  the 

design and s t a t i c  t e s t i ng  of a ful l -scale ,  31-inch-diameter motor 
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at  the  e a r l i e s t  p rac t icab le  da te  t o  prove the  ! f e a s i b i l i t y  of l a rge  

s o l i d  propel lant  rocket motors. Thiokol invest igated a number of 

propel lants ,  but most of t h e  e f f o r t  was focused upon improving the  

b a l l i s t i c  cha rac t e r i s t i c s  and physical  proper t ies  of T13 and T14 

propellants.  It developed a modified T14 propellant  (T14El)-for 

use i n  t h e  f i r s t  f u l l - s ca l e  s t a t i c  t e s t  motor, and a modified T13 

(T13E2) propellant  f o r  use i n  two other  ea r ly  s t a t i c  t e s t s .  As 

i n i t i a l l y  designed, t h e  motor had a cy l indr ica l  case length  of 

118 inches, t he  head and nozzle ends adding about 60 inches fo r  

an ove ra l l  length  of some 15 f ee t .  

. (U) On 2 December 1951, t h e  f i r s t  fu l l - sca le  HERMES A2 motor, 

loaded with 4,786 pounds of T14E1 propellant ,  was s t a t i c  t e s t ed  a t  

Redstone Arsenal, successful ly  demonstrating the  technical  f e a s i -  

b i l i t y  of l a rge  so l i d  propellant  rocket  motors. Results  of t he  

t e s t  showed a motor burning time of 41.2 seconds, an average 

t h ru s t  of 17,172 pounds, a t o t a l  impulse of 795,000 pound-seconds, 

and a spec i f i c  impulse of 121 pound-seconds/pound. Although the  

T14E1 propel lant  met the  l imi ted object ives  of the  f i r s t  s t a t i c  

t e s t ,  the  design engineers recognized the  need f o r  a propellant  

t h a t  would y i e l d  a higher spec i f i c  impulse. Improvements i n  per- 

formance cha rac t e r i s t i c s  of the  motor were undertaken i n  the  

second phase of t he  program which culminated in the  hybrid RV-A-10 
. - 

motor. 

(U) The search f o r  a high-performance propellant  began with 

t he  T13E2 formulation and ended with development of the  new TRX- 

l l O A  propel lant  ( l a t e r  designated a s  the  T17E1). The T13 propel- 

l a n t  produced a higher impulse than t h e  T14E1 but gave an i r r egu l a r  

pressure time t race .  A s a t i s f ac to ry  compromise was achieved by 

t he  TRX-11OA formulation containing 62 percent oxidizer.  Alto- 

gether,  21 fu l l - s ca l e  s t a t i c  t e s t s  of t h e  various propel lants  were 

run without a s i ng l e  f a i l u r e .  These were followed .early i n  1953 

by four successful  f l i g h t  t e s t s  of the  RV-A-10 motor with TRX-11OA 

propellant .  The RV-A-10 motor was shor te r  than the  o r ig ina l  A2 
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design (108 versus  118 inches) and y e t  de l ivered a g r e a t e r  t o t a l  

impulse (964,000 versus  795,000 pound-seconds), a s  w e l l  a s  a 

higher s p e c i f i c  impulse (156 versus 121 pound-seconds/pound) . 
Its nominal burning time was 24 seconds, compared t o  41.2 seconds 

, 
f o r  t h e  e a r l i e r  design. Its average weight was 6,173 pounds, in- 

cluding about 4,600 pounds of TRX-11OA propel lant .  Thiokol com- 

p le ted  work on t h e  HERMES A2 motor program i n  September 1953 and 

submitted i t s  f i n a l  r e p o r t  i n  March 1954. 

(U) Successful  though it was, t h e  HERMES A2 was des t ined t o  

do no more than pave t h e  way f o r  t h e  SERGEANT and f o r  o the r  l a r g e  

s o l i d  p rope l l an t  rocket  motors of t h e  fu ture .  It never a t t a i n e d  

opera t ional  s t a t u s ,  but  it d id  carve f o r  i t s e l f  a respected  p lace  
.-- -;.: . ., --,, h i s t o r y  of s o l i d  p rope l l an t  rocketry.  The HERMES A2 pro- 

gram not  only proved t h e  f e a s i b i l i t y  of l a r g e  s o l i d  p rope l l an t  

motors, but  a l s o  provided much of the  technology t h a t  was t o  be 

incorporated i n t o  t h e  SERGEANT m i s s i l e  system. The SERGEANT motor 

was, i n  essence, a modificat ion of t h e  HERMES A2. Both w t o r s  were 

31 inches i n  diameter, although t h e  SERGEANT was longer and used 

more propel lant .  The same propel lant  formulation was used i n  both 

motors, a s  w e l l  a s  t h e  same bas ic  manufacturing techniques and 

equipment. A s  a f i n a l  a c t  confirming i t s  s t a t u s  a s  t h e  progeni- 

t o r  of t h e  SERGEANT, t h e  HERMES A2 contr ibuted t h e  hardware f o r  

t h e  f i r s t  motor t o  be s t a t i c  f i r e d  under t h e  SERGEANT program. 

On 7 January 1954, two HERMES motor cases were welded together,  

loaded wi th  TRX-11OA (T17E1) propel lant ,  and s t a t i c  f i r e d  t o  pro- 

v i d e  d a t a  f o r  use by t h e  designers of t h e  new SERGEANT missile 

system. 23 

23 
(1) Ibid. ,  pp. 12-20. (2) Thiokol Prog Repts #28-51, Dec 

1951, #5-53, Feb 1953, & #9-54, Mar 1954, subj: Dev of 31-inch 
Diam Sol id  Propel lant  Motor f o r  the  HERMES A2 M s l .  RSIC. (3) RSA 
Tech Rept, Ord GM & Rkt Programs, Vol X - HERMES, Inception th ru  
30 Jun 55, pp. 23, 29, 136-38. H i s t  Div F i l e .  (This document is 
h e r e a f t e r  c i t e d  a s  t h e  HERMES Blue Book.) 
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I (4 SSM Requirements and Revival of the  SERGEANT (U) 

(U) Throughout t h e  f i r s t  5 years  of t h e  postwar period, t h e  

na tu re  and scope of t h e  Army rocket  and guided miss i l e  programs 

f luc tua ted  wi th  t h e  a v a i l a b i l i t y  of funds, t h e  s t a t u s  of a t o p i c  

warhead development, and changes i n  Army SSM requirements. I n  

t h e  absence of d e t a i l e d  m i l i t a r y  c h a r a c t e r i s t i c s  (MC'S), both JPL 

and General Electric had conducted t h e i r  assigned development 

programs on t h e  bas is of u n o f f i c i a l  requirements (o r ig ina ted  i n  

some ins tances  by t h e  Ordnance Corps), which s t a t e d  only the  

des i red  range, payload, and accuracy. Generally, these  require-  

ments were generated on t h e  b a s i s  of t h e  con t rac to r s '  es t imates  

of t h e  achievable performance wi th in  t h e  a reas  inves t igated ,  but  

t echn ica l  guidance on s p e c i f i c  weapon p ro jec t s  necessa r i ly  var ied  

wi th  t h e  s t a t u s  of atomic warhead developments. 

Reor ienta t ion of t h e  SSM Program 

(U) I n  Septeniber 1949, K3 o f f i c i a l s  reviewed a l l  a c t i v e  SSM 

programs t o  determine t h e  bes t  approach t o  meet an e a r l y  opera- 

t i o n a l  a v a i l a b i l i t y  f o r  a system capable of carrying a 1,500-lb. 

payload t o  medium ranges. The development e f f o r t  then i n  progress 

a t  JPL consis ted ,  i n  t h e  main, of s t a t i c  f i r i n g s  of t h e  Early 

SERGEANT and f l i g h t  t e s t s  of 'the CORPORAL "El1 research veh ic le  

which incorporated command guidance and l i q u i d  propulsion. A t  

General E l e c t r i c ,  work was i n  progress on severa l  vers ions  of t h e  

HERMES, but  none of them had reached t h e  f l i g h t  t e s t  s t age  a s  had 

t h e  CORPORAL "E". Among those i n  t h e  study s t age  were t h e  proposed 

HERMES A2 and the  HERMES C 1 ,  a l iquid-propelled m i s s i l e  wi th  a 

2,000-mile range. The only t a c t i c a l  systems under development 

were the  HERMES A 1  s e r i e s  and t h e  HERMES A3A which was being de- 

signed t o  c a r r y  a 1,000-lb. payload t o  ranges up t o  175 miles. 

(U) I n  1950, r e o r i e n t a t i o n  of t h e  Army's SSM program became 

necessary f o r  severa l  reasons: new atomic warheads were developed; 

17 



-. I 
the  l imited F&D funds were spread too th in ly  among b o  many proj  - 
ec ts ;  and t h e  unset t led internat ional  s i t ua t i on  in tens i f ied  the  

urgency of obtaining operational miss i le  systems. G E ' s  HEMS 

program was affected the  most. The HEMS A 1  s e r i e s  was discon- 

tinued; respons ib i l i ty  f o r  the  HERPES C 1  study was t ransferred t o  

Redstone Arsenal and l a t e r  became the  REDSTONE missi le  project  

(designated i n  the  interim a s  MUOR) ; and work on the  HEMS A2 

was r e s t r i c t e d  t o  the  design of a su i t ab l e  so l i d  propulsion un i t .  

This l e f t  only the  HERMES A3B a s  a major e f f o r t  a t  GE, and progress 

i n  i t s  development was retarded by the  lack of formal MC's and con- 

s t a n t  changes i n  payload and range requirements. A modification 

of the  HERMES A3A, the  A3B was being designed t o  carry  the  3,000-lb. 

XW-5 warhead t o  a range of 80 miles. 

(U) With the  outbreak of the  Korean War i n  June 1950, the  

need f o r  an operational SSM became so urgent tha t  the  CORPORAL 

research vehicle  was "crashed1' a s  an interim weapon system on the  

premise t ha t  i t  could be made operational much sooner than the  

more sophis t icated HERMES A3B. JPL i n i t i a t e d  development of the  

CORPORAL I ( t a c t i c a l  model of the  CORPORAL "E") under Contract 

DA-04-495-ORD-18 which was awarded t o  CIT on 5 October 1950. The 

CORPORAL was t o  be capable of delivering the  1,500-lb. XW-7 warhead 

t o  a range of 75 miles and it  was t o  be operational by Ju ly  1954. 
24 

. -. 

Interim M C ' s  f o r  a Family of Missiles 

(U) The f i r s t  s t ep  i n  the  protracted e f f o r t  t o  e s t ab l i sh  firm 

t a c t i c a l  requirements f o r  surface-to-surface guided miss i les  came 

on 3 October 1950, when Board No. 4 of the  Army Fie ld  Forces issued 

24 
(1) Bragg, op. c i t . ,  I:114, 119, 121-22. (2) HERMES Blue 

Book, pp. 8, 12, 21, 23, 57, 60-61, 136. (3) Toftoy, op. c i t . ,  
p. 32. (4) llORDTLT Comments on General E lec t r ic  Company's Guided 
Missile Effor t ,"  Mar 1952. (ORDTU was the o f f i c e  symbol f o r  the  
Rocket Branch, R&D Division, OCO.) Toftoy Papers, K i s t  Div F i l e .  
(5) Summary of HERMES Project ,  1945-52. F i l e  same. 



a proposed statement of M C 1 s  f o r  a family of SSM1s. Designed t o  

f u l f i l l  requirements out l ined i n  t h e  revised Army Equipment Board 

Report of 8 March 1950, t h e  statement included proposed MC1s f o r  

th ree  separate  miss i l e  systems: one f o r  carrying a 500-lb. pay- 

load t o  ranges of 5 t o  35 nau t ica l  miles; one f o r  carrying a/ 

3,000-lb. payload t o  ranges of 20 t o  150 nau t ica l  miles; and one 

fo r  del ivery of a 3,000-lb. payload t o  150 t o  750 miles.25 The 

chief  of t h e  Army F i e ld  Forces approved the  proposed M C ' s  with 

minor changes and sen t  them t o  the  Department of t he  Army (DA) 

on 14 December 1950. However, before ac t ion  could be completed 

a t  DA l eve l ,  t h e  Director  of Guided Missiles,  Office, Secretary 

of Defense, i n s t i t u t e d  new pol ic ies  t ha t  l ed  t o  a reor ien ta t ion  

of t he  na t iona l  guided miss i l e  program and a delay i n  formulation 

of f i rm M C 1 s  f o r  surface-to-surface miss i les .  

(U) Having c l a r i f i e d  the  object ives  of the  reor iented program, 

t h e  Assis tant  Chief of S t a f f ,  G-4, i n  August 1951, sen t  the  Army 

Fie ld  Forces a proposed rev i s ion  of t h e  o r ig ina l  M C t s  f o r  review 

and comment. Noting t ha t  the  ex i s t ing  M C 1 s  were no longer compac- 

i b l e  with the  reor iented program, he explained t ha t  the  add i t iona l  

warhead da ta  acquired s ince  December 1950 made it possible t o  

d i s t ingu ish  more c l ea r ly  between technical  promise and technical  

pos s ib i l i t y ,  and t o  describe miss i les  which would be acceptable 

f o r  interim use even though they might not meet the  desi red 

cha rac t e r i s t i c s .  The goal  of t he  reor iented program was t o  

develop as soon a s  poss ible  t he  following family of missi les:  26 

The CORPORAL f o r  del ivery of t he  1,500-lb. XW-7 warhead t o  
a range .of 75 miles. 

The HERMES A3B fo r  del ivery of the  3,000-lb. XW-5 warhead t o  
a range of about 90 miles. 

2 5 ~ e p t ,  AFF ~d 4, 3 Oct 50, subj: Rept of Study of Proj  No. 
GM-350, M C 1 s  f o r  SSMts. RSIC. 

261,tr ~ 4 1 ~ 4  65709B, ACofS, 6-4, DA, t o  Chf, AFF, 20 Aug 51, 
subj: M C ' s  f o r  SSMts, & i n c l  thereto ,  Draft  M C t s  f o r  a Family of 
SSGM1s, d td  14 Aug 51. RSIC F i l e  R-265il. 
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The REDSTOXE f o r  de l ive ry  of  t h e  7,000-lb. XW-13 warhead t o  
a range of about 160 miles.  

(U) I n  November 1951, r e p r e s e n t a t i v e s  of a l l  i n t e r e s t e d  agen- 

c i e s  a t tended a conference a t  F o r t  B l i s s ,  Texas, t o  r e so lve  t h e  

e x i s t i n g  d i f f e r e n c e s  between t h e  Army S t a f f  and Army F i e l d  Forces 

r e l a t i v e  t o  requirements f o r  SSM's. As a r e s u l t  of t h i s  conference, 

personnel  of Board No. 4 were ve rba l ly  d i r e c t e d  t o  prepare new 

in te r im M C 1 s  f o r  t h e  CORPORAL, HERMES A3B, and REDSTONE miss i l e s ,  

and t o  continue work on a set of f i rm M C 1 s  f o r  t h e  long-term 

family of  optimum guided m i s s i l e  systems. 2 7 

JPL Study of  SSM Concepts 

(U) To provide t h e  Army F i e l d  Forces t h e  necessary t echn ica l  

d a t a  on which t o  base t h e  M C 1 s  f o r  optimum types of miss i l e s ,  

Redstone Arsenal,  i n  e a r l y  1952, arranged f o r  JPL t o  conduct a 

s tudy of  surface-to-surface weapons. I n i t i a l l y ,  JPL placed p r i -  

mary emphasis upon b a l l i s t i c  miss i l e s  powered by l i q u i d  p rope l l an t  

rockets ;  however, t h e  study was extended i n  e a r l y  1953 t o  include 

s o l  i d  p rope l l an t  miss i l e s .  

(U) Calcula t ions  made i n  t h e  study indica ted  t h a t ,  f o r  a 

payload of 1,500 pounds and ranges of 25 t o  100 n a u t i c a l  miles,  

s o l i d  p rope l l an t  m i s s i l e s  could equal  o r  exceed the  performance of 

comparable l iquid-propel led  m i s s i l e s  i f  a s a t i s f a c t o r y  method could 

be devised f o r  c o n t r o l l i n g  t h e  range. Among the  range-control 

methods considered, t h e  a i rb rake  and t h r u s t  termination systems 

appeared s u f f i c i e n t l y  promising t o  warrant f u r t h e r  s tudy and 

development. As t o  t h e  b e s t  guidance technique f o r  such systems, 

JPL concluded t h a t  t h e  combined i n e r t i a l  and ground r a d i o  guidance 

concept would provide a s impler  and more accura te  system than 

270fc Memo, MAT R. C. Miles, CPL Pro j  Mgr, t o  LTC W. J. 
Durrenberger, D i r  of Projs ,  RSA, 14 Nov 51, subj: Conf on M C ' s  
f o r  SSM's, atchd a s  i n c l  t o  Ofc Memo, D i r  of P ro j s  t o  D i r  of R&D, 
e t  a 1  21 Nov 51, subj:  same. RSIC F i l e  R-26511. - * 3 
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could be achieved with  a complete i n e r t i a l  o r  a complete radio  

guidance system. This concept, however, would e n t a i l  t he  use of 

new components j u s t  becoming ava i lab le  and therefore  would requ i re  

a . ra ther  extensive R&D program. 28 
+ 

, 
(U) I n  view of t he  obvious t a c t i c a l  advantages of so l i d  pro- 

pe l l an t  rockets and t he  encouraging r e s u l t s  of the  laboratory 

s tud ies ,  JPL proposed t h a t  t h e  invest igat ion be continued and 

supported by experiments t o  provide information f o r  t h e  design and 

development of a useful  miss i l e  s y s t e m t o  be known a s  the  SERGEANT. 

Although formal requirements f o r  such a system were ye t  t o  be 

es tabl ished,  JPL included a poss ible  program fo r  planning purposes 

as a p a r t  of i t s  J u l y  1953 proposal f o r  t he  1954 e f f o r t  under the  

ORDCIT project .  
2 9 

Revision of SSM Requirements 

(U) When t h e  new Republican administrat ion took o f f i c e  i n  

January 1953, a f irm statement of MC's f o r  t h e  family of SSM's 

s t i l l  had not been established.  I n  accordance with decisions 

reached a t  t he  November 1951 conference, Board No. 4 had sub- 

mitted interim MC'S fo r  t h e  CORPORAL and HERMES i n  Ju ly  and August 

1952. The plan a t  t h a t  time ca l led  f o r  t h e  HERMES y supplant t h e  

interim CORPORAL system i n  operational  use by 1955; however, sched- 

u l e  sl ippages and design degeneration i n  1951-52 had created some 

doubt t h a t  such a da te  could be met. This, together with t he  new 

warhead developments and t he  "Security with Solvency" defense 

philosophy of the  new administrat ion,  led  t o  d r a s t i c  cu t s  i n  the  

2 8 ~ o u i s  G o  Dunn, D i r ,  JPL, "A Study of Surface-to-Surface 
Guided Missiles Using Solid-Propellant Rockets," JPLICIT, 17 J u l  
53, pp. 1.1 - 1.2, 5.6 - 5.7, 5.28 - 5.31, 7.1 - 7.3. SPCF, Bx 
13-826, RHA. 

2 9 ~ P L  Ppsl No. 20-5, 31 J u l  53, subj: Ppsd 1954 ORDCIT Proj  
Rsch Program on J e t  Propulsion Systems, GM Test  Vehs, & Related 
Subjs f o r  t he  DA, Ord Corps; & App A thereto ,  "Solid Propellant  
SSM System (SERGEANT) .I1 RSIC . 
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Army's budget and y e t  another r e v i s i o n  of t h e  guided m i s s i l e  

program. 

(U) During a conference held a t  F o r t  Monroe, Vi rg in ia ,  i n  

A p r i l  1953, r epresen ta t ives  of t h e  Army F i e l d  Forces es tab l i shed  

t h e  guidel ines  f o r  prepara t ion of a f i rm statement of SSM reGuire- 

ments. I n  t h e  l i g h t  of r ecen t  atomic warhead developments, they 

i n s i s t e d  t h a t  the  HERMES a s  a c a r r i e r  of t h e  3,000-lb. XW-5 war- 

head was no longer required  and should be cancelled i n  favor of 

an optimum short-range guided m i s s i l e  f o r  de l ive ry  of t h e  1,500-lb. 

warhead. This optimum weapon would u l t ima te ly  supplant t h e  in ter im 

CORPORAL system and, i n  combination wi th  t h e  REDSTONE system, would 

f u l f i l l  e x i s t i n g  requirements f o r  s h o r t  and medium range guided 

miss i l e s .  

(U) I n  November 1953, the  Chief of  t h e  Army F i e l d  Forces 

d i rec ted  Board No. 4 t o  submit a s tatement of proposed M C ' s  f o r  a 

short-range guided m i s s i l e  i n  p a r t i a l  completion of P ro jec t  GM-350, 

and t o  continue work on t h e  MC' s f o r  the  REDSTONE system. A t  t h e  

same time, Redstone Arsenal i n i t i a t e d  a c t i o n  t o  terminate t h e  

HERMES p r o j e c t  and t o  ob ta in  f e a s i b i l i t y  study proposals f o r  a 

weapon system t o  meet t h e  new requirement. 3 0 

(4) The t e n t a t i v e  M C t s  forwarded f o r  Army S t a f f  approval in  

Apr i l  1954 described a requirement f o r  an all-weather a r t i l l e r y  

guided m i s s i l e  capable of de l ive r ing  a 1,500-lb. atomic or 

conventional payload t o  ranges of 25 t o  75 n a u t i c a l  miles wi th  an 

accuracy o r  c i r c u l a r  probable e r r o r  (CPE) of 100 t o  150 yards. 

They spec i f i ed  a preference  f o r  a s o l i d  propel lant  rocket  motor 

30(1) Toftoy, op. c i t . ,  p. 32. (2) "0FWT.U Comments on General 
E l e c t r i c  Company's Guided Miss i l e  Ef fo r t , "  March 1952; and "HERMES 
Requirement,'' n.d. Toftoy Papers, H i s t  Div F i l e .  (3) FONECON, COL 
C. W. E i f l e r ,  OCO, & BG H. N.  Toftoy, RSA, 29 May 52, 9 & 21 Oct 53; 
and GEN Toftoy & D r .  R. W. Porter ,  GE, 30 May 53. F i l e  same. (4) 
RSA Tech Rept, Ord GM & Rkt Programs, Vol. V I I I  - SERGEANT, Incep- 
t i o n  th ru  30 Jun 55, pp. 2-4. H i s t  Div F i l e .  (This r epor t  here- 
a f t e r  c i t e d  a s  t h e  SGT Blue Book.) 



such as that developed under the HERMES A2 program, a liquid-fuel 

motor being acceptable only if necessary to achieve the major 

weapon system requirements. In the case of competing character- 

istics, the developer was to give priority in the following order 

of absolute essentiality: reliability, ruggedness, and simplicity; 

accuracy; range; immunity to countermeasures; mobility; and safety. 31 

(U) Feasibility Study Program 

(U) The general weapon system requirements set forth in the 

tentative MC1s were based largely upon the preliminary results of 

feasibility studies begun in late 1953 and continued through the 

spring of 1954. On 30 November, the Los Angeles Ordnance District 

(LAOD) awarded JPL/cIT a $562,580 contract supplement for continu- 

ation of the SERGEANT study along the lines suggested in its July 

1953 proposal. The scope of the study was expanded in January 1954 

with the award of a $675,250 supplement calling for a complete 

description of the missile system and an assessment of the feasi- 

bility of the required techniques through a 

analysis and experimental investigations. 3 2 

the JPL study, Redstone Arsenal awarded the 

the Thiokol Chemical Corporation a $596,982 

for work on a large solid propellant rocket 

more detailed system 

In conjunction with 

Redstone Division of 

contract supplement 

motor similar to the 

HERMES A2 for possible' use with the proposed SERGEANT missile. 33 

31(1) Ltr, ATDEV-9 471.94/21(~), OWLFF to ACofS, 6-3, 19 Apr 
54, subj: MC1s for a Short Rg (25-75 nm) SSGM Sys, Proj GM-350/1. 
Cited in SGT Blue Book, pp. 3, 57. (2) Excerpts from Ppsd MC's 
for a Short Rg (25-75 nm) SSGM Sys, atchd as incl to Rept of the 
SGT Eva1 Com, Aug 1954. Hist Div File. 

32~uppl Agrmts No. 20, 30 Nov 53, & No. 23, 11 Jan 54, to 
Contr DA-04-495-ORD-18. SPCF, Bx 13-813, RHA. 

33~uppl Agrmt No. 26, 1 Apr 54, to Contr DA-01-021-ORD-4460. 
Signed several years earlier, the basic contract covered research, 
design, and development of solid propellant rocket motors under 
Ordnance Project TU1-9005. Supplement 26 covered initial work - 
on the SERGEANT rocket motor under Task QQ. Basic contract and 
supplements relating to SERGEANT in SPCF, 

2 3 

Bx 13-825, RHA. 



Redstone Arsenal and General E l e c t r i c  a l s o  made f e a s i b i l i t y  

s t u d i e s  and submitted w r i t t e n  proposals f o r  considera t ion along 

wi th  JPL's SERGEANT proposal.  The cos t  of these  s t u d i e s  and 

o t h e r  program expenses came t o  $198,188, increasing t h e  t o t a l  
34 

, 
out lay  f o r  FY 1954 t o  $2,033,000. 

(U) The Redstone Arsenal study concentrated on t h e  guidance 

aspec t s  of t h e  sys t e m ,  prel iminary missile design being cons id- 

ered  only t o  t h e  ex ten t  necessary t o  support t h e  guidance study 

and t o  v e r i f y  t h e  f e a s i b i l i t y  of t h e  o v e r a l l  weapon system. The 

s tudy r e s u l t e d  i n  a proposed a l l - i n e r t i a l  guidance system i n  a 

s d l i d  p rope l l an t  missile wi th  a 1,500-lb. payload and a range 

c a p a b i l i t y  of 20 t o  80 n a u t i c a l  miles. The missile conf igura t ion 

used was 32 inches i n  diameter and 27 f e e t  long and had a gross  

weight of 10,200 pounds, including 6,200 pounds of Thiokol TRX- 

l l O A  s o l i d  propel lant .  The guidance study d e a l t  wi th  two a l l -  

i n e r t i a l  schemes, both of which were found t o  be f e a s i b l e  and 

capable of y ie ld ing  t h e  required  accuracy over a i l  ranges. 3 5 

(U) The system proposed by General E l e c t r i c  used t h e  Dobbin 

o r  "gun ba r re l "  guidance scheme which contemplated con t ro l  of t h e  

missile during the  f i r s t  minute of f l i g h t  by rad io  command wi th  

no provision f o r  terminal  guidance. The proposed m i s s i l e  was 32 

% x h e s  i n  diameter and near ly  27 f e e t  long, wi th  a gross weight 

of 8,553 pounds including 5,204 pounds of TRX-121 polysul f ide  

rubber ammonium perchlora te  propel lant .  36 

(U) The SERGEANT proposal,  submitted by JPL i n  Apr i l  1954, 

34(1) OTCM 35863, 16 Jun 55. RSIC. (2) "Planned R&D Funding - 
SERGEANT a s  of 1 J u l y  1954 ( A s  submitted t o  Symington Committee 23 
May 1956) .I1 Furnished by Norris  Do Christopher, C&DP, MICOM. 

3 5 ~ ~ ~  Repts Noo LMlOP, 1 Jun 54, & No. 6M49, 20 J u l  54. Cited 
and summarized i n  Rept of t h e  SGT Eval Com, Aug 1954, pp. 11-14. 
H i s t  Div F i l e .  

3 6 ~ b i d 0 ,  pp. 8-9. 
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r e f l ec t ed  t he  combined r e s u l t s  of some 15 months of applied 

research,  system design s tud ies  and analyses, and supporting 

experiments i n  t he  f i e l d s  of aerodynamics, s t ruc tures ,  propulsion, 

and guidance. This work, coupled with the  p r ac t i c a l  appl icat ion 

of knowledge and experience gained i n  t he  CORPORAL program, l ed  

t o  t he  choice of a miss i l e  and propulsion un i t  having t he  design 

cha rac t e r i s t i c s  shown i n  t he  accompanying i l l u s t r a t i o n s .  I n  

general,  t he  r e s u l t s  of the  de ta i l ed  system analyses and prelim- 

inary experimental invest igat ions  confirmed the  theore t ica l  

ca lcu la t ions  out l ined i n  JPL's study repor t  of 17 J u l y  1953. 

(U) I n  external  appearance, the  proposed SERGEANT was simi- 

l a r  t o  the  CORPORAL but shor ter .  The dragbrake sect ion contained 

the  operating mechanism and space fo r  t he  four paddle-like brakes 

used t o  increase t he  drag of t he  miss i l e  and thus provide f o r  

adjustment and control  of range. A c r i t i c a l  analys is  of the  a l l -  

i n e r t i a l  and combined r ad io - ine r t i a l  guidance concepts indicated 

t h a t  the  l a t t e r  system offered the  most advantages, including 

b e t t e r  accuracy (100 t o  150 yards versus 400 t o  500 yards); lower 

cos t  per miss i l e  ($20,000 t o  $35,000 versus $40,000 t o  $100,000); 

l e s s  miss i l e  checkout time a t  r e a r  a rea  (2 hours versus 4 t o  6 

hours); and lower minimum elapsed time between designation of 

t a rge t  and launch (10 t o  15 minutes versus 30 minutes). The 

proposed guidance system would use both radio  and i n e r t i a l . i n f o r -  

mation during the  f i r s t  half  of f l i g h t  and i n e r t i a l  data  alone i n  

t he  terminal f l i g h t  phase. The proposed launcher was a multipur- 

pose vehic le  designed t o  take a miss i l e  from i t s  t ranspor t  dol ly ,  

mate it with i t s  warhead, e r ec t  i t  t o  a quadrant e levat ion near 

80°, aim it i n  azimuth, and provide a ground l i n k  with the  f i r e  

control  s t a t i o n  u n t i l  launching from the  shor t  pins holding it  i n  

posi t ion.  The f i r e  control  s t a t i on ,  complete with a 3-foot radar 

antenna and other  e lec t ron ic  gear, would be inclosed i n  a t r a i l e r  

and normally located 150 t o  300 meters from i t s  launchers. 

(U) Although much work was ye t  t o  be done i n  the  way of 
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d e t a i l e d  analyses of t h e  complete weapon system, D r .  Louis G .  

Dunn, Director  of JPL, f e l t  t h a t  t h e  study was s u f f i c i e n t l y  near 

completion t o  show t h a t  t h e  proposed SERGEANT system of fe red  a 

promising so lu t ion  t o  t h e  SSM requirement and a g r e a t  improvement 

over t h e  l iquid-propel led  CORPORAL m i s s i l e .  37 / 

(u) The SERGEANT Evaluation Committee 
- 

(U) The cormnittee es tab l i shed  t o  evaluate  t h e  t h r e e  weapon 

system proposals and o the r  poss ib le  so lu t ions  t o  t h e  short-range 

SSM requirement consis ted  of t h e  following members: 

Name - 
D r .  Colin M. Hudson 
D r .  William H e  Pickering* 
D r .  A. K. Thie l  
D r .  William S. Carlson 
M r .  P. W. Newton 

.. Mr.  Warren W. Berning 

Cons i d e r a t  ion of Ex i s t ing  Sys tems 

Organization 

Office,  Chief of Ordnance 
J e t  Propulsion Laboratory 
Redstone Arsenal 
Frankford Arsenal 
Office, Chief of Ordnance 
B a l l i s t i c  Research Laboratories 

(U) Before considering t h e  t h r e e  w r i t t e n  proposals f o r  t h e  

development of new weapons, t h e  committee examined e x i s t i n g  weapon 

systems t o  determine t o  what degree they might meet t h e  require-  

ment. The only ones s u f f i c i e n t l y  c l o s e  i n  payload and range t o  

j u s t i f y  considera t ion w e r e  t h e  improved CORPORAL and t h e  NIKE 

HERCULES surface- to-a i r  missile (SAM) modified f o r  t h e  SSM r o l e .  

The B e l l  Telephone Laboratories and Douglas A i r c r a f t  Company made 

b r i e f  s t u d i e s  of t h e  l a t t e r  and presented t h e i r  conclusions and 

recommendations i n  an o r a l  r epor t  t o  the  committee. 38 

* 
D r .  Pickering,  who had been associa ted  with t h e  JPL s ince  1944, 
succeeded D r .  Louis G o  Dunn as  Director  of t h e  Laboratory i n  
September 1954, a month a f t e r  publ ica t ion of the  committee's 
repor t .  Biographical Sketch. H i s t  Div F i l e .  

3 7 
D r .  Louis G. Dunn, "The SERGEANT Surface-to-Surface Guided 

Missile System," JPL/CIT Rept (Ppsl) 20-76, 15 Apr 54. RSIC. 

3 8 ~ e p t  of t h e  SGT Eva1 Com, Aug 1954, pp. 1-3. H i s t  Div F i l e .  
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PROPOSED SERGEANT MISSILE DESIGN CHARACTERISTICS /n 
Diameter............ 31 in. 

( I .  34 ft. Length .............. 
Gross Weight ........ 11,400 lbs. 
Payload Weight.. .... 1,500 lbs. 

I 

Useable Range ... 25 to 87 nautical miles 
Guidance System .......... Combined Radio-Inertial 
Range Control Method..... Dragbrakes I 

Accuracy ................. 100 to 150 yds CPE 

. - ~~~ . ~. I 
I PROPOSED SERGEANT MOTOR DESIGN CHARACTERISTICS FOR TRX-11OA PROPELLANT 

W.eight (pounds) 
- 

Case.. .......... 718 
Nozzle.......... 313 
Propellant ...... 7,100 ...... Liner. ..;. 112 
Gross........... 8,243 

' Dimens ions (inches) 
Case Outside Diameter..... 31. 
Case Thickness............ 0. 
Case Cylindrical Length.. . 171.5 
Throat Diameter ........... 9.1 
Exit Diameter............. 22.60 

JPL SERGEANT Proposal 
JPL/CIT Report No. 20-76, 15 Apr 54, The SERGEANT SSGM System 



(U) A t  t h e  time of t he  committee's del iberat ions  i n  July and 

August 1954, the  basic  Type I CORPORAL had ju s t  been issued t o  the  

troops; t he  improved Type I1 CORPORAL was i n  production; and the  

ref ined Type I11 ground and miss i le  guidance equipment was i n  the  

ear ly  stages of development. Despite i ts  technical  def ic iencies  

and operational l imi ta t ions ,  the  Type I system had been accepted 

f o r  interim troop use pending the a v a i l a b i l i t y  of Type I1 equip- 

m~in t .~ '  The new Type I11 equipment was expected t o  improve 

system performance and r e l i e b i l i t y  through a subs tan t ia l  reduction 

i n  equipment, be t t e r  radar data  and c i r c u i t s ,  greater  immunity t o  

countermeasures, and some s impli f icat ion i n  operation, t ra ining,  

and f i e l d  handling. But even with these po ten t ia l  improvements, 

the  CORPORAL s t i l l  f e l l  shor t  of meeting some of the  key require- 

ments of t he  MC's. Among the  pr inc ipa l  weaknesses noted were (1) 

i t s  suscep t ib i l i t y  t o  countermeasures, a s  compared t o  the  immunity 

t h a t  could be b u i l t  i n to  a new system; (2) i t s  f a i l u r e  t o  meet the  

desired d i spersa l  of 300 t o  8,000 meters between the  ground control  

s t a t i o n  and lauccher-a r e q u i r e ~ e z r  which the  ?referred SEFG%A-Nl' 

system a l s o  f a i l e d  t o  meet; (3) i t s  f a i l u r e  t o  meet the  time re -  

quirement f o r  going in to  and out of action,  a s  well  a s  the  

specif ied r e l i a b i l i t y  and environmental requirements; and (4) i t s  

requirement f o r  a large amount of ground equipment and a corres- 

pondingly high number of personnel. The l a t t e r  c r i t i c i sm stemmed 

primarily from the techniques used in  the system. For example, 

t he  l iqu id  propulsion system required subs tan t ia l  amounts of 

handling and fuel ing equipment which could be eliminated by the  

use of a so l i d  propulsion un i t .  40 

. (U) The br ie f  s tudies  of the  N I K E  HERCULES-or N I K E  B, a s  it 

3 9 ~ h e  f i r s t  Type I CORPORAL ba t ta l ion  was deployed t o  Europe 
i n  January 1955, and replacement un i t s  equipped with the  Type I1 
system followed i n  the  spring of 1956. Bragg, op. c i t . ,  I :xix,  
163, 173. 

4 0 ~ e p t  of t he  SGT Eva1 Com, op. c i t . ,  pp. 2-3. 



was then known-resulted in t h r e e  p o t e n t i a l  systems f o r  SSM app l i -  

ca t ion.  System A was e s s e n t i a l l y  t h e  bas ic  SAM with  minimum 

change and n e g l i g i b l e  increase  i n  complexity. System B was a 

modified SAM system having higher accuracy than System A. System 

C would e n t a i l  t h e  development of a new ground s t a t i o n  i n  order  t o  

a t t a i n  an optimum SSM design. These systems were r e j e c t e d  a s  a 

poss ib le  so lu t ion  because they f a i l e d  t o  m e e t  t h e  key requirements 

o r  presented undesi rable  design compromises. 41 

Evaluation of System Proposals 

(U) Following a d e t a i l e d  review and ana lys i s  of t h e  t h r e e  

b a s i c  proposals, t h e  committee concluded t h a t  t h e  b e s t  prospective 

t echn ica l  so lu t ion  f o r  t h e  150-yard accuracy requirement would be 

a system using dragbrakes f o r  range con t ro l  and a r a d i o - i n e r t i a l  

guidance scheme, such a s  t h a t  proposed by JPL. While t h e r e  w a s  no 

doubt a s  t o  t h e  f e a s i b i l i t y ,  i n  p r inc ip le ,  of the  a l l - i n e r t i a l  

guidance system, it was y e t  t o  be demonstrated t h a t  t h e  r e q u i s i t e  

s t a b i l i t y  and accuracy could be r e a l i z e d  under condit ions of 

mechanical shock and temperature extremes incident  t o  s torage  and 

f i e l d  handling. 42 

(U) The main ob jec t ion  t o  JPL's SERGEANT system concerned t h e  

proposed s o l i d  p rope l l an t  composition. Both JPL and ~ e d s t d n e  

Arsenal chose TRX-11OA prope l l an t  whose performance had been suc- 

c e s s f u l l y  demonstrated i n  four f u l l - s c a l e  s t a t i c  f i r i n g s  and four  

f l i g h t  tests i n  t h e  HERMES A2 program. General E l e c t r i c  chose 

t h e  TRX-121 propel lant  whose performance i n  one f u l l - s c a l e  s t a t i c  

f i r i n g  showed it t o  be super ior  t o  t h e  TRX-11OA i n  s p e c i f i c  

impulse but  i n f e r i o r  with regard t o  resonance and other  t roubles .  

The committee members, however, d i d  no t  regard t h e  " t i m e  and funds 

invested i n  8 rounds of TRX-11OA" a s  an overr id ing considerat ion,  

411bid., pp. 3-4. 

4 2 ~ b i d  * 3 pp. 24, 30. 



and discounted t h e  s i g n i f i c a n c e  of t h e  s i n g l e  observation of mild 

resonance i n  t h e  TRX-121 f i r i n g .  Convinced t h a t  any resonance 

d i f f i c u l t y  could be cured without undue expenditure of t i m e  o r  

money, they chose t h e  TRX-121 composition f o r  t h e  p r i n c i p a l  
/ 

development e f f o r t  on t h e  premise t h a t  i t s  higher s p e c i f i c  

impulse "would permit a saving i n  m i s s i l e  gross  weight of nea r ly  

one thousand pounds. l1 While t h i s  ga in  was no t  considered suf f i- 

c i e n t  t o  j u s t i f y  e i t h e r  delay o r  jeopardy of major proport ions,  

t h e  d i f f e r e n c e  i n  r i s k  appeared s l i g h t  and t h e  gain  s i g n i f i c a n t .  43 

(U) On t h e  b a s i s  of these  and o the r  f indings ,  t h e  committee 

made t h e  following conclusions and recommendations: 

The Army's need and t h e  prospects  f o r  success wi th  a 25 - 75 
W I  missile system meeting the  requirement appear t o  j u s t i f y  the  
undertaking of a development of such a weapon. Expenditure of 
t h i r t y  t o  f i f t y  mi l l ion  d o l l a r s  and an allowance of four  t o  six 
years  t o  a t t a i n  reasonably s a t i s f a c t o r y  engineering t e s t s  appear 
necessary. With a d d i t i o n a l  time a l l o t t e d  f o r  manufacture and 
supply t o  t roop u n i t s ,  weapon c a p a b i l i t y  beginning about 1960 
and extending a t  l e a s t  f i v e  years  appears reasonable.  

* * * * * * 
It i s  recommended: 

a.  That  a weapon system development be undertaken essen- 
t i a l l y  a s  proposed by J e t  Propulsion Laboratory except wi th  
choice  of higher s p e c i f i c  impulse p rope l l an t  composition. 

b. That a vigorous program be undertaken immediately and 
pursuGd t o  f u l l y  develop t h e  high s p e c i f i c  impulse motor, using 
Thiokol TRX-121 p rope l l an t  . . . . 

c.  That  a vigorous support ing research  program on an a l l -  
i n e r t y a l  guidance system be pursued wi th  a view t o  i ts  u t i l i z a -  
t i o n  i n  t h e  SERGEANT weapon system, i f  and when it becomes 
c l e a r l y  pra  t i c a l  from t h e  s tandpoint  of f i e l d  opera t ions  and 
l o g i s t i c s .  4 t  

(U) The SERGEANT Evaluat ion Committee presented i ts  f indings  

t o  r ep resen ta t ives  of t h e  Army F i e l d  Forces a t  F o r t  Monroe on 23 

September 1954. I n  view of the  u n r e l i a b i l i t y  of t h e  CORPORAL and 



t h e  f a c t  t h a t  f u r t h e r  redesign was not  l i k e l y  t o  e l iminate  i t s  

b a s i c  f a u l t s ,  OCO recommended t h a t  development p r i o r i t y  be given 

t o  t h e  SERGEANT system t o  meet t h e  requirement f o r  a second- 

generat ion SSM system. The Army F i e l d  Forces, on 7 October 1954, 

recommended t h a t  a SERGEANT weapon system development be under- 

taken immediately; t h a t  a more powerful motor be developed; and 

t h a t  a vigorous support ing program on an a l l - i n e r t i a l  guidance be 

pursued with a view toward i ts  use i n  t h e  SERGEANT when it  became 

c l e a r l y  p rac t i cab le .  45 

(U) F'reliminary Program Plan 

(U) Meanwhile, Redstone Arsenal began laying the  groundwork 

f o r  t h e  SERGEANT development program. On 11 June 1954, t h e  Chief 

of Ordnance issued a planning schedule which t r ans fe r red  responsi-  

b i l i t y  and a u t h o r i t y  f o r  t echn ica l  con t ro l  and supervision of t h e  

p r o j e c t  from OCO t o  t h e  Commanding General, Redstone Arsenal. A t  

t h e  same t i m e ,  he programmed $100,000 i n  FY 1955 R&D funds f o r  

planning and t echn ica l  support e f f o r t  pending approval of t h e  

in tegra ted  system development program by higher au thor i ty .  46 

(U) The o r i g i n a l  development c o s t  and time projec t ion,  es tab-  

l i s h e d  i n  J u l y  1954, indica ted  a t o t a l  est imated funding requirement 
Jx 

of $181,860,000 ($51.36 mi l l ion  i n  R&D and $130.5 mi l l ion  i n  PEMA/S 

funds) over a 6-year period from FY 1955 through FY 1960. The 

* 
Procurement of '~quipment  & ~ i s s i l e s j - ~ r m y ,  i n  Support of R&D. 
Development funds were a l loca ted  under separa te  R&D and PEMA/S 
appropr ia t ions  u n t i l  1960, when t h e  two were consolidated and 
c i t e d  a s  RDTE-Research, Development, Tes t ,  and Evaluation. 

45(1) SGT Presn t o  AFFy F t  Monroe, Va., 23 Sep 54. Ci ted  i n  - - 
CRD, Chronological   is t o r i e s  of Army ~ b r f  ace-to-surf ace Miss i les  
Through 1957. SERGEANT. 10 Jan 58. RSIC. (2) Memo. 0CXF'F. 7 Oct - - 

54, s;bj: Or: Presn o f s t h e  SGT Program. c i t e d  i n  DA Pam j0-10, 
Sep 1958. RSIC. 

4 6 ~ l n g  Scd No. 5040-5413-13-151, OCO t o  CG, RSA, 11 Jun 54. 
SPCF, Bx 13-813, RHA. 
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pr ior-year  expenditure of $5,167,000 f o r  prel iminary research  and 

f e a s i b i l i t y  s t u d i e s  increased the  R&D c o s t  e s t ima te  t o  $56,527,000 

and t h e  t o t a l  c o s t  t o  $187,027,000 ( see  Table 1) .47 This o r i g i n a l  

e s t ima te  was apparent ly  based on JPL's r a d i o - i n e r t i a l  SERGEANT 

system proposal of 15  Apr i l  1954, which ou t l ined  a conventiorial 

R&D program wi th  no provis ion  f o r  compressing o r  telescoping t h e  

R&D and production phases a s  had been done i n  the  CORPORAL program. 

The Di rec to r  of JPL prefaced h i s  proposed development p lan  wi th  

these  prophet ic  remarks: 

The success£ul  completion of the  SERGEANT weapon i s  dependent 
upon a l o g i c a l  and o rde r ly  research  and development program. Any 
at tempt t o  p lace  t h e  program on a "crash" b a s i s  w i l l  i nev i t ab ly  
r e s u l t  i n  compromise decis ions  and i l l -chosen designs which w i l l  
plague t h e  system f o r  many years .  A properly planned development 
program w i l l  be no more c o s t l y  i n  d o l l a r s  than a "crash" program 
and w i l l  be more c e r t a i n  t o  produce a r e a l l y  usable  weapon a t  i ts  
completion. It w i l l  pay f o r  i t s e l f  many t i m e s  over i n  the  saving 
of production funds brought about by a r e l a t i v e  freedom from pro- 
duct ion  changes and f i e l d  modificat ions.  It may take  a year  o r  
two longer t o  produce t h e  f i n a l  engineering models, but  it w i l l  
t ake  no longer t o  d e l i v e r  t h e  f i r s t  production of t h e  system 
elements t h a t  r e a l l y  s a t i s f y  the  des i red  m i l i t a r y  c h a r a c t e r i s t i c s  

' 

and accomplish t h e  o b j e c t i v e  of a work-horse m i s s i l e  represent ing  
a s ign i f  i c a n t  improvement on t h e  CORPORAL. 48 

(U) B r i e f l y ,  t h e  i n i t i a l  JPL plan  consis ted  of t h r e e  phases. 

The f i r s t  phase would be  a purely R&D s t e p  involving ground and 

f l i g h t  t e s t s  wherein some of che elements would bear  only s l i g h t  

resemblance t o  the  f i n a l  items. The second phase would e n t a i l  a 

series of ground and f l i g h t  t e s t s  of experimental vers ions  of 

every major element of t h e  prototype system. The t h i r d  and l a s t  

phase would involve ground and f l i g h t  tests of engineering model 

equipment e s s e n t i a l l y  embodying t h e  complete t a c t i c a l  system. 

47"~lanned R&D Funding - SERGEANT a s  of 1 J u l y  1954 ( a s  sub- 
mi t ted  t o  Syrnington Committee 23 May 1956).11 Furnished by Norris  
D . Chris  topher, C&DP , MICOM . 

48 D r .  Louis G .  Dunn, "The SERGEANT Surface-to-Surface Guided 
Missile System," JPL/CIT Rept (Ppsl)  20-76, 15  Apr 54, p. 67. RSIC. 



Table 1 

ORIGINAL COST ESTIMATE FOR SERGEANT PROGRAM (U) 
1 July 1954 - 

(in millions of dollars) y 

Actual Cost 

FY 1950 . . . . . . . . . . .  
FY 1951 . . . . . . . . . . .  

. . . . . . . . . . .  FY 1952 

FY 1953 . . . . . . . . . . .  
FY 1954 . . . . . . . . . . .  
Actualcost - 1950-54. . . .  
Estimated Cost 

FY 1955 . . . . . . . . . . .  
FY 1956 . . . . . . . . . . .  
FY 1957 . . . . . . . . . . .  
FY 1958 . . . . . . . . . . .  
FY 1959 . . . . . . . . . . .  
FY 1960 . . . . . . . . . . .  
Estimated Cost - 1955-60 . . 
TOTAL ACTUAL/ESTIMATED COST. . 

TOTAL 

0.578 

0.423 

1.251 

0.882 

2.033 

5.167 

5.890 

11.320 

21.250 

25 500 

52.900 

65.000 

181.860 

187 .O27 

SOURCE: "Planned R&D Funding - SERGEANT as of 1 July 1954 (as 
submitted to Symington Committee 23 May 1956) ," fur- 
nished by Norris D. Christopher, C&DP, MICOM. 
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Proposed Development Schedule f o r  Radio- 
I n e r t i a l  SERGEANT System-15 Apr i l  1954 

To avoid recurrence  of t h e  massive problems encountered i n  t h e  

CORPORAL t r a n s  it ion per iod-which D r .  Picker ing l a t e r  described 

a s  "a miserable m e ~ s " ~ ~ - - ~ l ? L  proposed t h a t  a production con- 

t r a c t o r  be a s soc ia ted  wi th  t h e  Laboratory from the  beginning of 

test hardware procurement. With proper advance planning and 

t r a in ing ,  it would be poss ib le  f o r  m i s s i l e  and ground equipmect 

production t o  begin by January 1960. 50 

(U) I n  September 1954, t h e  scope of t h e  planned 1955-56 

e f f o r t  was amended t o  b r ing  it i n  l i n e  wi th  recommendations of 

t h e  SERGEANT Evaluat ion Committee. Since ob jec t ions  t o  t h e  a l l -  

i n e r t i a l  guidance system w e r e  pr imar i ly  ones of uncer ta in ty  t h a t  

could be more thoroughly evaluated i n  t h e  course of an a c t u a l  

development program, Redstone Arsenal l a i d  plans f o r  t h e  p a r a l l e l  

development and proof t e s t  of such a system t o  f i t  i n t o  t h e  same 

a i r f rame a s  des igned f o r  t h e  radio-  i n e r t i a l  guidance sys t e m .  Also 

added t o  t h e  o r i g i n a l  R&D program was the  development and proof 

t e s t  of a more powerful rocket  motor using TRX-121 propel lant .  

Based on an a n a l y s i s  of t h e  da ta  generated, a choice would be made 

- - 

49 
Bragg, op. c i t . ,  I:162. 

50 
D r .  Louis G. Dunn, op. c i t . ,  pp. 67-68. 



by late 1956 between the radio-inert)al and all-inertial guidance 

systems and between the TRX-11OA and TRX-121 propellants. The 

Director of the Ordnance Missile Laboratories approved the modi- 

fied development plan on 14 September 1954, and JPL submitted a 

revised proposal covering CY 1955 effort on 30 ~e~tember.~' ,,The 

planned inertial guidance effort was to be conducted by a sub- 

contractor under the technical supervision of JPL and technical 

control of Redstone Arsenal. 52 

(U) The Commanding General of Reds'tone Arsenal, in December 

1954, advised the Chief of Ordnance that $9,279,000 in FY 1955 

R&D funds would be required over and above the $100,000 already 

allotted. The total requirement of $9,379,000 included 

$5,954,000 for basic system development under JPL's contract 

(ORD-18) plus $2,320,000 for the inertial guidance system sub- 

contract; $815,000 for a supplement to Thiokol's motor develop- 

ment contract (ORD-4460); and $290,000 for project technical 

control, supervision, and support. 53 That adequate funds 

possibly would not be available to support an optimum level of 

effort became evident early in 1955. The amended planning 

schedule issued by OCO on 4 January indicated a total planned 

FY 1955 program of $5,880,000, leaving a potential deficit of 
54 about $3.5 million. 

. -- 

51(1) MFR, SGT Proj Engr, 13 Sep 54, subj: CY 1955 SGT Effort. 
(2) Ofc Memo, SGT Proj Engr to Asst Dir, OML, et al., 15 Sep 54, 
subj: SGT Dev Plan. Both in SPCF, Bx 13-813, RHA. (3) JPL Ppsl 
20-6, 12 Aug 54, subj: Ppsd 1955 ORDCIT Proj Rsch Program on Jet 
Propulsion Sys, GM Test Vehs, & Related Subjs, pp. 108-112, 123; 
& rev thereto, 30 Sep 54. RSIC. 

5 % ~  #23, 15 Nov 54, subj: Dev of an Inertial Guidance Sys 
for a Solid Propellant Msl Sys, XSSM-A-27. SPCF, Bx 13-813, RHA. 

53(1) TT ORDDW-KK-533, CG, RSA, to CofOrd, 9 Dec 54. (2) 
FY 1955 Deficit Presn, n.d. Both in SPCF, Bx 13-813, RHA. 

54(1) TT, CofOrd to CG, RSA, 4 Jan 55. (2) Plng Scd #5040- 
5413-13-151, Amdt 83, OCO to CG, RSA, 4 Jan 55. Both in SPCF, 
BX 13-813, RHA. 
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(V The Die is Cast (U) 

(U) Agreeing with recommendations of the  SERGEANT Evaluation 

Committee and t he  Continental Army Command (formerly the  Army 

Fie ld  Forces), t he  Chief of F&D, DA, approved the  proposed a ' s  

f o r  t he  short-range SSM system and sen t  them on 6 January 1955 

f o r  ac t ion  by t he  Ordnance Technical ~ o m r n i t t e e . ~ ~  Five days 

l a t e r ,  t he  Commanding General of Redstone Arsenal announced the  

i n i t i a t i o n  of SERGEANT development and designated M r .  Stanley 

Bernstein a s  t he  SERGEANT Project  Engineer. The t en t a t i ve  program 

schedule ca l led  f o r  R&D f l i g h t  t e s t s  t o  begin i n  July 1955 and 

end i n  December 1958. Contractor prototype t e s t s  would begin a t  

that time, followed by engineer-user t e s t s  i n  l a t e  1 9 5 9 . ~ ~  The 

f i n a l  program schedule, of course, would depend upon t he  ava i l -  

a b i l i t y  of funds t o  make up the  FY 1955 d e f i c i t .  Instead of more 

money, however, the  SERGEANT pro jec t  ac tua l ly  received $65,256 

l e s s  than even t he  i n i t i a l  guidance indicated,  and a program 

atre tchout  was already i n  the  o f f ing  before o f f i c i a l  DA approval 

of t he  p ro jec t  i n  June 1955. 

(U) In  February 1955, OCO withdrew $1 mil l ion of the  

$5,880,000 per ins t ruc t ions  from higher author i ty ,  and another 

$29,000 was l o s t  t o  Arsenal overhead support, leaving a balance 

of $4,851,000. A supplemental allotment of $940,000, i n  March, 

increased t he  ne t  amount ava i lab le  t o  $5,791,000; but  then, i n  

May and June, a t o t a l  of $40,000 was l o s t  t o  the  DART and LACROSSE 

miss i l e  projects ,  leaving $5,751,000. Two last-minute supplements 

t o t a l i ng  $63,744 increased the  f i n a l  FY 1955 program t o  $5,814,744, 

which was d i s t r i bu t ed  a s  follcws: $5,222,753 t o  JPL (including the  

- 

5 5 ~ ~ ,  CRD, DA, t o  CofOrd, 6 Jan  55, subj: MC's f o r  a Short- 
Rg (25-75 nm) SSGM Sys, Proj  GM-350/1. Cited i n  SGT Blue Book, 
pp. 3, 57. 

5 6 ~ t r ,  CG, RSA, t o  Chf, AFF, e t  a l . ,  11 Jan 55, subj: I n i t i -  
a t i on  of SGT Dev. SPCF, Bx 13-813, RHA. 
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i n e r t i a l  guidance subcontract with General E l e c t r i c  Company); 

$537,247 t o  Thiokol Chemical Corporation (motor development); and 

$54,744 t o  Redstone Arsenal (project  administrat ion and technical  

support) . 5 7 
-- 

, 
(U) The $3.56 mil l ion d e f i c i t  i n  FY 1955 led  t o  a 1-year 

delay i n  t he  R&D schedule and a r e su l t an t  increase i n  t he  R&D 

funding requirement f o r  FY 1956 and subsequent years. The re-  

v ised schedule ca l led  f o r  a t o t a l  of 55 R&D f l i g h t  t e s t s  of t h e  

r ad io - ine r t i a l  system beginning i n  October 1955 and ending i n  

December 1959. The p a r a l l e l  a l l - i n e r t i a l  guidance e f f o r t  would 

cons i s t  of 40 R&D f l i g h t s  beginning i n  mid-1958 and continuing, 

i f  necessary, through mid-1960. The f i n a l  system design would be 

released t o  production i n  August 1961, upon completion of engineer 

t e s t s ,  and del ivery t o  t a c t i c a l  un i t s  would begin i n  February 1963, 

with a scheduled Ordnance Support Readiness Date of August 1963. 

This revised program schedule represented what Redstone Arsenal 

and JPL considered t o  be the  idea l  program assuming no fu r ther  

budget reductions and no extremely ser ious  development problems. 

The projected R&D funding requirement fo r  the  FY 1956-61 period 

t o t a l ed  $51.8 mill ion,  an increase of some $6.33 mil l ion over the  

o r ig ina l  project ion of $45.47 mil l ion fo r  the  FY 1956-60 period. 58 

(& On 16 June 1955, the  Secretary of t he  Army approved the  

MC's  f o r  the  SERGEANT weapon system and the  formal establishment 

of DA Project  516-05-009 (TUl-2080) with LA p r io r i t y .  The MC's  

specif ied a requirement fo r  a short-range (25-75 nau t ica l  mile), 

so l i d  propellant  guided miss i l e  system t o  augment and extend 

a r t i l l e r y  support and t o  supplement or  replace t a c t i c a l  a i r  

5 7 F ~  1955 SGT Plng Scds, PED's, PESD'S, Ledger Sheets, and 
r e l a t ed  correspondence. SPCF, Bx 13-813, RHA. 

58(1) L t r ,  CG, RSA, t o  CofOrd, 8 Feb 55, subj: SGT Program 
Plng. SPCF, Bx 13-813, RHA. (2) L t r ,  CG, RSA, t o  CofOrd, 3 May 
55, subj: same. F i l e  same. (3) SGT Blue Book, pp. 53, 55. Hist  
Div F i l e .  (4) OTCM 35863, 16 Jun 55, subj: GM, XSSM-A-27 (SGT) - 
Estb of DOA Proj  516-05-009 (TU1-2080). RSIC. 
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support t o  a range of 75  nau t i c a l  miles. The h i s s i l e  was t o  be 

capable of carrying a warhead of about 1,500 pounds and 30-inch 

diameter throughout i t s  design range. The types of warheads i n  

order  of accorded p r i o r i t y  were: Atomic, Fragmentation, Chemical, 

Radiological and Biological ,  and Prac t i ce  and Dummy. The fea tu res  

of t he  warheads, adaption k i t s ,  and fuzing would be a s  described 

in appropr ia te  m i l i t a ry  and technical  cha r ac t e r i s t i c s  t o  be pub- 

l i shed  separate ly .  59 

(U) This bas ic  m i l i t a ry  requirement e s s en t i a l l y  pa ra l l e led  

t h a t  s t a t e d  f o r  the  l iquid-propelled CORPORAL weapon system which 

had j u s t  been accepted f o r  t a c t i c a l  use desp i te  i t s  many opera- 

t i o n a l  and performance l imi ta t ions .  Hence, i n  making the f i n a l  

dec i s ion  t o  proceed wi th  development of the  SERGEANT, the  f i r s t  

question t h a t  had t o  be answered w a s  whether o r  not  the  weapon 

system, a s  envisioned, would provide enough of an i4rovement  

over the  CORPORAL t o  warrant the  g rea t  expenditure of time and 

money necessary t o  br ing the  proposed p ro jec t  t o  f r u i t i on .  The 

answer t o  t h i s  question was r e f l e c t ed  i n  the  de t a i l ed  SERGEANT 

M C ' s  which provided f o r  a weapon system with  c a p a b i l i t i e s  t a i l o r -  

made t o  t he  l a t e s t  t a c t i c a l  concepts and f o r  system performance 

and r e l i a b i l i t y  f a r  super ior  t o  any previously envisioned. 

h The primary mi l i t a ry  c h a r a c t e r i s t i c  t o  which the  SERGEANT 

would be developed and the  most demanding one of a l l  those l i s t e d  

concerned miss i l e  system r e l i a b i l i t y .  Because of the  severe 

r e l i a b i l i t y  problems being encountered with the  CORPORAL and the  

r e s u l t a n t  lack of troop confidence i n  the  system, the  f i n a l  , 

decis ion t o  proceed with development of the  SERGEANT turned, t o  

a g rea t  extent ,  on the  an t i c ipa ted  and required r e l i a b i l i t i e s  

s t a ted .  These requirements were evolved i n  j o i n t  sess ions  be- 

tween the  Continental  Army Command (CONARC) and the  Ordnance 

Corps, and were considered t o  be f ea s ib l e  from the.viewpoints of 
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technology, t i m e ,  and cos t .  Spec i f i ca l ly ,  t h e  system r e l i a b i l i t y  

was t o  be such t h a t :  

a. A t  l e a s t  90 percent  of the  missiles removed from 6 months' 
s to rage  would pass a l l  p r e f i r i n g  checkout t e s t s  wi th  only simple 
adjustment. , 

b. A t  l e a s t  95 percent  of these  missiles would launch on 
t i m e  on 5 minutes' n o t i c e  any time during a 72-hour standby 
period on t h e  launcher. 

c. A t  least 95 percent  of t h e  missiles launched would per- 
form without  i n - f l i g h t  f a i l u r e s  . 
The " in - f l igh t  r e l i a b i l i t y "  f a c t o r  was defined a s  t h e  degree of 

assurance t h a t ,  a f t e r  launching, the  missile would not  abor t  be- 

cause of missile o r  ground equipment f a i l u r e ,  but would d e l i v e r  

i t s  payload t o  t h e  spec i f i ed  t a r g e t  wi th in  t h e  normal d ispers ion 

l i m i t s  a s soc ia ted  wi th  t h e  required accuracy. 

(b The o the r  primary MC's,  i n  order of p r i o r i t y ,  were: accu- 

racy (CPE not  t o  exceed 150 yards required;  100 yards desired);  

range (25 t o  75 n a u t i c a l  miles requi.red; minimum range of 15  m i l e s  

desired) ; immunity t o  countermeasures; mobil i ty;  and sa fe ty .  A l l  

equipment in t h e  system was t o  be a s  mobile over unimproved roads 

and f i e l d  t e r r a i n  a s  heavy a r t i l l e r y .  The missile system was t o  

be capable of going " in to  act ion" from a t r ave l ing  pos i t ion  in no t  

more than 2 hours, and "out of  act ion" and i n t o  t r a v  l i n g  pos i t ion  0 
i n  no t  more than 30 minutes including removal of an erec ted  miss i l e  

from each launcher. The primary warhead was t o  include the  s a f e t y  

f e a t u r e s  required  t o  g ive  t h e  h ighes t  poss ib le  assurance t h a t  a 

n u c l e a r  explosion would not  occur a t  unsafe a l t i t u d e s  over f r i end ly  

troops. I n  any case,  t h e  p robab i l i ty  of such an explosion was t o  

be less than 1 i n  10,000. 
60 

60 
(1) a d .  (2) SGT Presn t o  Frank H. Higgins, ASA (Logis- 

tics), 23 Aug 57, atchd t o  DF, Stanley Bernstein,  SGT Pro j  D i r ,  
t o  CG, RSA, e t  a l . ,  27 Aug 57, subj:  Presn t o  ASA (Logis t ics) .  
SPCF, Bx 13-813, RHA. (3) For a complete statement of the  
o r i g i n a l  MC' s, see Appendix I. 
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CHAPTER I1 

(U) CONTRACTUAL STRUCTURE AND RELATED PROBLEMS 
I ,. - 

/ 

Contract ing Philosophy 

Since  t h e  incept ion  of i t s  rocket  and guided m i s s i l e  program, 

t h e  Ordnance Corps had depended upon American indust ry  t o  perform 

t h e  bulk of R&D work, r a t h e r  than bu i ld  and s t a f f  new l a b o r a t o r i e s  

of i t s  own. Normally, t h e  pol icy  was t o  c o n t r a c t  an e n t i r e  weapon 

system program wi th  a prime con t rac to r ,  one not  only w i l l i n g  and 

a b l e  t o  develop t h e  system, but  a l s o  capable of i n i t i a l  production. 

Although t h e  prime con t rac to r  was f r e e  t o  subcontract  a s  much of 

t h e  work a s  considered necessary,  i t  remained t h e  one organiza t ion  

t h a t  could be  held responsib le  f o r  t h e  design, development, and 

production of t h e  complete t a c t i c a l  weapon system. This  "system 

. contrac t"  philosophy was f i r s t  appl ied  wi th  unqual i f ied  success 

t o  t h e  NIKE AJAX program i n  September 1945, and l a t e r  t o  o the r  

major programs such a s  t h e  NIKE HERCULES and HAWK m i s s i l e  systems. 

But t h e  circumstances surrounding t h e  SERGEANT program 

d i c t a t e d  a r a d i c a l  depar ture  from t h e  t r i e d  and proved "system 

contrac t"  philosophy, ' i n  t h a t  t h e  con t rac to r  se lec ted  t o  develop 

t h e  system had no production c a p a b i l i t y .  It was 'thus necessary 

t o  use  t h e  a l t e r n a t e  and l e s s  d e s i r a b l e  co-contractor  method, 

wherein t h e  system c o n t r a c t  r e s p o n s i b i l i t y  was s p l i t  between two 

prime con t rac to r s ,  one being charged wi th  system design and 

development and t h e  o the r  wi th  i n i t i a l  production. With t h i s  

approach, c e r t a i n  i n t e r f a c e  problems and some dup l i ca t ion  of 

e f f o r t  were inev i t ab le ,  even under i d e a l  programming condi t ions .  

However, a s  w i l l  be noted i n  t h e  succeeding.chapter,  t h e  pro- 

gramming condi t ions  f o r  SERGEANT were something l e s s  than idea l  

and t h e  p r o j e c t  d i r e c t o r  a t  Redstone Arsenal had n e i t h e r  t h e  

money nor t h e  a u t h o r i t y  and r e s p o n s i b i l i t y  t o  cope with t h e  
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monumental problems t h a t  developed. I n t e r f  ac! problems of both 

an adminis t ra t ive  and technical  nature  abounded throughout the  
--- 

program, - dupl ica t ion of development e f f o r t  was c l ea r l y  excessive, 

R&D cos t s  increased, and schedule sl ippages were soon a matter of 

f a c t .  Alluding t o  the  expensive lessons learned from t h i s  ex- 

perience with t he  SERGEANT and s imi la r  experience i n  the  LACROSSE 

program, COL John G. Zierdt  l a t e r  avowed: "Our experience has 

indicated t h a t  t h i s  [co-contractor]  approach i s  not  general ly  

des i rab le  and we do not  intend t o  use it i n  the  future.  111 

Except f o r  t h e  introduction of a co-contractor, the  R&D 

s t r uc tu r e  of t he  SERGEANT program followed the  t r a d i t i o n a l  

pat tern .  JPL, a s  the  prime R,&D contractor ,  began development 

"1 rhe SERGEANT system i n  January 1955 under a supplement t o  i ts  

ex i s t i ng  R&D con t rac t  (ORD-18). The Redstone Division of the  

Thiokol Chemical Corporation served a s  subcontractor t o  JPL f o r  

the  design of rocket  motor metal pa r t s  and conducted the  remainder 

of t h e  motor program (i .e . ,  supporting propel lant  research and 

loading of R&D t e s t  motors) under Army con t rac t s  ORD-4460, 

ORD-4958, and ORD-5304. Among t he  Government agencies providing 

technical  support and ass i s tance  under project  orders issued by 

Redstone Arsenal were the  Picatinny Arsenal and Chemical Corps 

(warheads); White Sands Proving Ground ( f l i g h t  t e s t  f a c i l i t i e s ) ;  

Diamond Ordnance Fuze Laboratories (fuzes);  Ordnance ~ a n k - '  

Automotive Command (vehic les) ;  Signal  Corps (ba t t e r i e s  and 

communication equipment); Corps of Engineers ( a i r  condit ioning 

and heating equipment); and the  B a l l i s t i c  Research Laboratories 

and Human Engineering Laboratories,  Aberdeen Proving Ground, 

Maryland (supporting research and consul ta t ion services) .  A t  

t h e  beginning of t he  R&D e f f o r t ,  Kedstone Arsenal contacted 

these  and o ther  in te res ted  agencies and encouraged them t o  

'speech t o  the  DODRE Plcy Council Mtg a t  F t  Monroe, Va., 
6-8 J u l  60. H i s t  Div F i l e .  
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follow the  program and o f f e r  any advice, c r i t i c i sm,  o r  suggestions 

on items within  the  purview of t he i r  respect ive  missions. 2 

Select ion of the  Co-Contractor 
. - 

The decision t o  introduce a co-contractor i n  the  very ear ly  

s tage of the  SERGEANT R&D program represented a s ign i f ican t  

s h i f t  i n  approach under JPL's contract .  In  past  programs, such 

a s  the  CORPORAL, the  Ordnance Corps had allowed the  Laboratory t o  

complete the  design and development of t he  weapon system before 

placing the  i ndus t r i a l  production contract .  Mindful of the  

massive t rans  it ion problems encountered i n  the  CORPORAL program, 

JPL proposed t h a t  a co-contractor with proven development, engi- 

neering, and manufacturing capab i l i t i e s  be introduced a t  the  

beginning of SERGEANT development a s  a r e a l i s t i c  means of 

achieving a smooth t r ans i t i on  from R&D t o  production. The co- 

contractor would work i n  c lose  cooperation with the  Laboratory 

throughout t he  design and development of t he  weapon system and 

through the  i n i t i a t i o n  of production for  mi l i t a ry  use. A s  a 

r e s u l t  of t h i s  cooperative e f fo r t ,  the  production contractor 

would have a thorough working knowledge of t he  e n t i r e  system 

design and thus be prepared t o  assume f u l l  weapon system respon- 

s i b i l i t y  soon a f t e r  completioh of development. Par t  of t h i s  

combined a c t i v i t y  would take the  form of ~ a b o r a t o r ~  procurement 

from the  contractor  of many of the  items required f o r  development 

and t e s t .  The scope of procurement would be expanded a s  devel- 

opment progressed, so  t h a t  every item i n  the  f i n a l  system would, 

f o r  a l l  p r ac t i ca l  purposes, be fabricated by the  production 

contractor.  I n  t h i s  way, JPL hoped t o  c r ea t e  a f i n a l  engineering 

model t h a t  would require  l i t t l e  change fo r  f u l l  production and 

2(1) OTCM 35863, 16 Jun 55. RSIC. (2) L t r ,  CG, RSA, t o  
Chf, AFF, e t  a l . ,  11 Jan 55, subj: I n i t i a t i o n  of SGT Dev. SPCF, 
BX 13-813, RHA. 
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thereby f r e e  t h e  Laboratory from t h e  problems of production a t  

an e a r l i e r  d a t e  than would otherwise be poss ib le .  3 

Beginning i n  November 1954 and continuing through t h e  spr ing 

of '1955,  a working committee headed by M r .  Stanley Bernstein,  t h e  

SERGEANT Pro jec t  Engineer, compiled a l i s t  of 74 prospective con- 

t r a c t o r s  f o r  review and evaluat ion by t h e  SERGEANT Contractor 
4 Se lec t ion  Committee. Personnel serving on t h e  s e l e c t i o n  

committee w e r e  a s  follows: 

BG H. N. Toftoy, Chairman 
D r .  Eric A. Walker 
D r .  M. J. Zucrow 
D r .  Martin S c h i l l i n g  
COL M. B. Chatf i e l d  
COL Merlin L. DeGuire 
LTC M. R. Col l ins ,  Jr. 
M r .  W i l l  A. Lewis 

Redstone Arsenal 
Penn S t a t e  Universi ty 
Purdue Univers i t y  
Redstone Arsenal 
Redstone Arsenal 
Redstone Arsenal 
Office, Chief of Ordnance 
Redstone Arsenal 

D r .  William H. Pickering, Direc tor  of JPL, and M r .  Frank G. 

Denison, SERGEANT Coordinator a t  JPL, w e r e  consultants;  M r .  

Stanley Berns te in  was t h e  recorder;  and MAJ Wells H. Gibbs, 

Redstone Lia ison Of f ice r  a t  JPL, observed t h e  proceedings. 

From t h e  l i s t  of 74 p o t e n t i a l  contrac tors ,  t h e  committee 

se lec ted  the  following seven f irms t o  submit t echn ica l  proposals: 

Boeing A i r c r a f t  Company 
Col l ins  Radio Company . 

Crosley Division,  AVCO Manufacturing Corporation 
Federa l  Telecommunication Laboratories , In te rna t iona l  

Telephone & Telegraph Corporation ( IT&T) 
General E l e c t r i c  Company 
G i l f i l l a n  Brothers, Inc. 
Sperry Gyroscope Company, Division of Sperry Rand Corp. 

3 
D r .  Louis G . Dunn, 'The SERGEANT Surf ace-to-Surf ace  Guided 

Missile System," JPL/cIT Rept (Proposal) No. 20-76, 15 Apr 54, 
pp. 68-70. RSIC. 

4(1) MPR, Stanley Bernstein, 30 Nov 54, subj: Plcy Stmt f o r  
Se lec t ion  of SGT P r i n  R&D Subcontr. (2) L t r ,  CG, RSA, t o  A l l  Ord 
Dists, 24 Feb 55, subj: Selec t ion of a GM R&D Contr. Both i n  
SFCF, BX 13-813, RHA. 
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On 27 June 1955 the  Commander of Redstone Arsenal requested the  

appropriate Ordnance D i s t r i c t s  t o  s o l i c i t  from each of these 

companies a technical  proposal f o r  performance of R&D work s e t  

f o r t h  i n  Technical Requirements (TR) No. 25, dated 23 -June 1955. 

Three months l a t e r ,  the  JPL Steering Committee decided t o  r eo r i en t  

the  SERGEANT program t o  an a l l - i n e r t i a l  guidance system,5 and the  

proposal requests were suspended pending revis ion of the  TR and 

another meeting of the  se lec t ion  committee. 

I n  mid-November 1955, following OCO approval of the  re-  

or iented program, members of the  committee met a t  JPL t o  recon- 

s i de r  t he  74 prospective contractors on the  basis  of the  revised 

technical  requirements and c r i t e r i a .  I n  the  i n i t i a l  phase of the  

el imination process, they picked the  21 bes t  qua l i f i ed  contractors.  

Since seven of these had already been s o l i c i t e d  fo r  proposals 

based upon the  o r ig ina l  TR, the  committee decided t o  include them 

i n  t he  competition regardless  of any addi t ional  companies t ha t  

might be se lected from the  r emin ing  contenders. Application of 

t he  numerical scoring c r i t e r i a  t o  the  l a t t e r  group resu l ted  in  

the  addi t ion of two companies t o  the  s o l i c i t a t i o n  l ist :  Be l l  

A i r c r a f t  Company and Republic Aviation. I n  l a t e  November, the  

Ordnance D i s t r i c t s  s o l i c i t e d  proposals from the  nine contractors  

with a submission deadline of.  23 January 1956. 6 
. - -. 

Four of the  nine companies s o l i c i t e d  (Bell  A i r c r a f t ,  Boeing 

Ai rc ra f t ,  Col l ins  Radio, and Republic Aviation) declined t o  

'JPL had begun development of the  combined radio- i n e r t i a l  
guidance fo r  the  basic  system and had awarded General E l ec t r i c  a 
subcontract f o r  p a r a l l e l  development of the  a l l - i n e r t i a l  guidance 
system. However, in August 1955, it became apparent t ha t  adequate 
FY 1956 funds would not be ava i lab le  t o  support both programs, and 
the  a l l - i n e r t i a l  guidance system was se lected a s  the  b e t t e r  of the  
two. - See below, pp. 97-99. 

%iris of the  SGT Contr Select ion Com Mtg, 16-18 Nov 55, w/ 
inc l s ,  atchd t o  L t r ,  CG, RSA, t o  CofOrd, e t  a l . ,  29 Nov 55, subj: 
X m i t l  of Mins. SPCF, Bx 13-813, RHA. 



submit a proposal.  During a meeting held a t  Redstone Arsenal on 

6 February 1956, t h e  s e l e c t i o n  committee evaluated t h e  f i v e  pro- 

posals  received and ranked them i n  t h e  following order: 

. ' Crosley Division,  AVCO Manufacturing Corporation 
Sperry Gyroscope Company, Division of Sperry Rand Corp.' 
Federal  Telecommunication Laboratories,  IT&T 
General E l e c t r i c  Company 
G i l f i l l a n  Brothers,  Inc. 

Dr .  Pickering and Mr.  Denison then presented an independent eval-  

ua t ion based upon t h e i r  spec ia l i zed  c r i t e r i a ,  t h e  f indings  of 

which were completely compatible wi th  t h e  above ra t ings .  Af te r  

f u r t h e r  d iscuss ion,  t h e  bottom t h r e e  contenders were dropped from 

considerat ion.  Before making a f i n a l  decis ion on t h e  o the r  two 

proposals ,  t h e  committee decided t o  v i s i t  t h e  Crosley and Sperry 

p l a n t s  f o r  t h e  purpose of gather ing f i r s thand  impressions of 

management a t t i t u d e  and p o l i c i e s  and discuss ing t h e  concepts of 

t h e  p ro jec t  wi th  some of t h e  key p lan t  personnel. 
7 

The committee held i t s  f i n a l  meeting i n  Cincinnat i ,  Ohio, on 

22-23 February 1956, a f t e r  v i s i t i n g  t h e  Sperry p lan t  a t  Great Neck, 

New York, and t h e  Crosley p lan t  i n  Cincinnati .  Following some 6 

hours of de l ibe ra t ion ,  t h e  committe, by unanimous vote,  se lec ted  

t h e  Sperry Gyroscope Company f o r  the  con t rac t  on t h e  bas i s  of i t s  

experience and c a p a b i l i t i e s  and t h e  recormnendations of JPL; 8 

The Sperry Gyroscope Company's experience, c a p a b i l i t i e s ,  and 

physica l  f a c i l i t i e s  were indeed impressive. I t s  main p lan t  a t  

Great Neck, New York, consis ted  of 2,110,000 square f e e t  of f l o o r  

7(1) Mins of t h e  SGT Contr Selec t ion Com Mtg, 6 Feb 56, atchd 
t o  L t r ,  CG, RSA, t o  CofOrd, _ef_ s., 14 Feb 56, subj: X m i t l  of Mins. 
(2) L t r ,  CG, RSA, t o  CofOrd, 8 Mar 56, subj: Se lec t ion  of a R&D 
Contr f o r  SGT. Both i n  SPCF, Bx 13-813, RHA. 

8 
(1) Ofc Memo, Recorder, SGT Contr Se lec t ion  Com, t o  BG H. N.  

Toftoy, 1 Mar 56, subj  : Mins of Con; Mtg, 22-23 Feb 56. (2) L t r ,  
CG, MA, t o  CofOrd, 8 Mar 56, subj:  Se lec t ion  of a R&D Contr f o r  
SGT. Both i n  SPCF, Bx 13-813, RHA. 
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area which housed t h e  major por t ions  of  t h e  engineering, design, 

manufacturing, assembly, test, and admin i s t r a t ive  departments. 

The Engineering Divis ion  had a s t a f f  of more than 2,000 graduate 

engineers and 600 des igners  and draftsmen. The Manufacturing 

Divis ion  employed a f o r c e  of over 14,000 personnel and covered 

over 50 ac res  of f l o o r  space. Sperry ' s  previous experience in 

app l i cab le  guided m i s s i l e  f i e l d s  included (1) development, pro- 

duction,  and test of t h e  navigat ion and m i s s i l e  guidance c o n t r o l s  

f o r  t h e  B-58 bomber under subcontract  from Convair; (2) develop- 

ment of i n e r t i a l  navigat ion  systems f o r  the  A i r  Force and Navy; 

(3) development and production of t h e  SKYSWEEPER f i r e  con t ro l  

system; (4) design and development of automatic con t ro l s  f o r  t h e  * 
CORPORAL E under subcontrac t  from JPL and f o r  t h e  REGULUS m i s -  

s i l e  under subcontract  from Chance Vought A i r c r a f t ,  Inc.;  (5) 

development of r ada r  systems f o r  t h e  TALOS and TERRIER missiles; 

and (6) development and production of the  SPARROW I a i r - t o - a i r  

missile system under a prime con t rac t  wi th  the  Navy's Bureau of 

Aeronautics. I n  car ry ing ou t  these  and o the r  p r o j e c t  assignments, 

Sperry used t h e  se rv ices  of about 550 subcontractors  se lec ted  

from over 1,000 sources of supply located  i n  more than 100 c i t i e s  

from coas t  t o  coas t .  The peak value  of company con t rac t s  had 

reached about $150 mi l l ion ,  of which $130 mi l l ion  was i n  sub- 
9 c o n t r a c t s  f o r  assemblies or package u n i t s .  

ak 
According t o  Sperry, t h e  con t ro l  system developed f o r  CORPORAL E 
performed s a t i s f a c t o r i l y  i n  i t s  f l i g h t  t e s t s ;  however, informa- 
t i o n  recorded i n  t h e  CORPORAL monograph ind ica tes  t h a t  t h e  con t ro l  
system was marginal i n  r e l i a b i l i t y  and was replaced i n  1949 by the  
a u t o p i l o t  then being developed by JPL f o r  the  Early SERGEANT. The 
monograph f u r t h e r  s t a t e s :  ". . . Sperry, whose modified a u t o p i l o t  
performed u n s a t i s f a c t o r i l y  i n  CORPORAL E,  gained s u f f i c i e n t  how- 
how t o  assume r e s p o n s i b i l i t y  f o r  SERGEANT. . . ." Bragg, op. c i t . ,  
I: 110, 113, 119, 270. 

t ,  Sperry Gyroscope Co., Div of Sperry   and Corp., t o  CG, 
RSA, 17 Aug 55, subj:  Cpbls of Sperry Gyroscope Co. SPCF, Bx 13- 
813, RHA. 



The SERGEANT Co-Contractual Rela t ionship  

The primary ob jec t ives  of introducing a co-contractor  e a r l y  

i n  t h e  R&D phase were t o  provide a s s i s t a n c e  t o  the  prime F&D 

con t rac to r ;  t o  provide f o r  an o rde r ly  buildup of i n d u s t r i a l  ,, 

c a p a b i l i t i e s ;  and t o  provide the  eventual  producer a b a s i c  under- 

s tanding of t h e  system design so  t h a t  a l l  engineering a c t i o n s  

a f t e r  the  completion of R&D would be founded on t h e  spec ia l i zed  

knowledge and experience gained during t h e  development period. 

~ p e r r y ' s  production experience and c a p a b i l i t i e s  f o r  such a r o l e  

were very s u b s t a n t i a l  f a c t o r s  i n  i t s  s e l e c t i o n .  Equally impor- 

t a n t  were i t s  management organiza t ion  and i ts  R&D experience and 

c a p a b i l i t i e s  i n  app l i cab le  f i e l d s  of technology. I n  t h e  f i n a l  

ana lys i s ,  however, t h e  achievement of the  primary ob jec t ives  

would depend upon t h e  development of a mutually acceptable  work- 

ing arrangement and a l a s t i n g  c o r d i a l  r e l a t i o n s h i p  among p r o j e c t  

personnel a t  a l l  management l eve l s .  I n  shor t ,  it was e s s e n t i a l  

t h a t  t h e  E D  prcgram be arranged so t h a t ,  a t  i t s  conclusion, 

Sperry would be thoroughly f a m i l i a r  wi th  everything done by JPL 

and would be  prepared t o  assume conple te  weapon system responsi -  

b i l i t y  a s  prime i n d u s t r i a l  con t rac to r .  Implementation of t h e  

foregoing would be e f fec ted  through two con t rac t s  wi th  Sperry: 

a d i r e c t  JPL subcontract  and an Ordnance prime R&D co-contract .  

JPL would make t a s k  assignments under both c o n t r a c t s  through 

Technical Guidance Di rec t ives  (TGD's). 

The co-contractual  r e l a t i o n s h i p  began i n  mid-March 1956, 

when JPL placed wi th  Sperry a l e t t e r  order  subcontract  (L-41160) 

f o r  $250,000. Designed t o  provide s p e c i f i c  a s s i s t a n c e  t o  JPL and 

t o  a i d  i n  e f f e c t i n g  t h e  e a r l y  indoc t r ina t ion  of Sperry personnel,  

t h i s  l e t t e r  order  authorized Sperry t o  e s t a b l i s h  and s t a f f  a 

r e s i d e n t  t echn ica l  and con t rac t  l i a i s o n  o f f i c e  a t  JPL; t o  provide 

a s t a f f  of r e s iden t  engineers who would work d i r e c t l y  wi th  JPL 

engineers having p a r a l l e l  m i s s i l e  system assignments; and t o  
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provide t h e  necessary se rv ices  and mate r i a l s  f o r  t h e  design, de- 

velopment, f ab r ica t ion ,  and del ivery  of hardware i t e m s  a s  assigned 

by JPL t a s k  orders  o r  TGD's. 

The l e t t e r  order subcontract  was f i n a l i z e d  f o r  $350,000 on , 
15  June 1956. By t h a t  t i m e ,  a s t a f f  of Sperry sen io r  engineers 

had been assigned f o r  f a m i l i a r i z a t i o n  with t h e  system, and t h e  

Director  of JPL had p l o t t e d  t h e  course t o  be followed i n  t h e  

Laboratory's r e l a t i o n s h i p  with Sperry. During a conference wi th  

SERGEANT engineers, on 2 Apr i l ,  D r .  Pickering pointed out  t h a t  

Sperry was competent i n  both t h e  R&D and production f i e l d s ,  

adding t h a t  t h e  JPL-Sperry co-contractual  r e l a t i o n s h i p  should 

provide Ordnance with a s t rong team f o r  development and production 

of t h e  SERGEANT system. H e  emphasized t h a t  t h e  Sperry personnel 

being s e n t  t o  JPL on a temporary r e s i d e n t  bas i s  would possess 

t echn ica l  a b i l i t i e s  and experience equivalent  t o  those of t h e  JPL 

engineers with whom they would work, and t h a t  they would occupy 

key pos i t ions  i n  t h e  Sperry organizat ion.  He urged a l l  JPL 

engineers t o  recognize t h e  problems of t h e  Sperry personnel 

coming t o  t h e  Laboratory and t o  make every e f f o r t  t o  a ssure  t h e  

success of t h e  f a m i l i a r i z a t i o n  phase. 
10 

Meanwhile, t h e  Contract ing Off icer  a t  t h e  New York Ordnance 

D i s t r i c t  (NYOD), i n  conjunction with Redstone Arsenal and J'PL, 

completed nego t ia t ions  wi th  Sperry a t  Great Neck, New York, and 

issued t h e  prime R&D co-contract  (ORD-1783) on 15  June 1956. 

The bas ic  cost-plus-f ixed-fee (CPFF) con t rac t  f o r  $627,945 c a l l e d  

f o r  research,  development, engineering, and f a b r i c a t i o n  e f f o r t  

leading t o  t h e  eventual  t r a n s f e r  of system r e s p o n s i b i l i t y  from 

"(1) Army Ord Tech Ln Rept, 6 J a n  - 6 Apr 56, RSA L ~ O / J P L ,  
13 Apr 56, pp. 14-15. SPCF, Bx 14-215, RHA. (2) D r .  William H. 
Picker ing, "The SERGEANT Co-Contractual Relat ionship,  " 28 Mar 56. 
SPCF, Bx 13-813, RHA. (3) JPL Rept No. 20-137, 1 Oct 60, subj: 
The SGT Program - JPL F ina l  Rept, pp. 3, 20. RSIC. (This docu- 
ment is h e r e a f t e r  c i t e d  a s  JPL F ina l  Rept 20-137.) 
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JPL t o  Sperry. It s p e c i f i e d  t h a t  e f f o r t  under the  con t rac t  would 

be expended pursuant t o  t a s k  assignments o r ig ina ted  by JPL and 

issued by t h e  Contract ing O f f i c e r ' s  r ep resen ta t ive .  Technical 

Requirements #25, which formed a l e g a l  p a r t  of t h e  con t rac t ,  

requi red  Sperry t o  e x e r t  i t s  bes t  e f f o r t  t o  perform assigned'work 

in accordance wi th  system design s p e c i f i c a t i o n s  e s t ab l i shed  by 

JPL, and t o  use i t s  b e s t  t a l e n t s  and most s u i t a b l e  f a c i l i t i e s  i n  

the  design,  t e s t i n g ,  evaluat ion ,  and f a b r i c a t i o n  of assigned 

components. The scope of work envisioned f o r  t h e  o v e r a l l  e f f o r t  

included t h e  f a b r i c a t i o n  and assembly of up t o  12 miss i l e s  and a 

maximum of one s e t  of ground equipment. The $627,945 obl iga ted  

under the  b a s i c  c o n t r a c t  was t o  cover performance beginning about 

1 J u l y  19 56 and continuing through 31 January 19 57 . 11 
Sperry conducted i n i t i a l  e f f o r t  on the  SERGEANT p r o j e c t  a t  

Great Neck, New York, u n t i l  new p l a n t  f a c i l i t i e s  could be b u i l t .  

It se lec ted  S a l t  Lake Ci ty ,  Utah, a s  the  s i t e  f o r  the  new SERGEANT 

p l a n t  because of i t s  proximity t o  the  White Sands M i s s i l e  Range 

and JPL, i t s  a c c e s s i b i l i t y  t o  profess ional  and technica l  people, 

and i t s  s t a t u s  a s  a non-target  a rea .  The Sperry Gyroscope 

Company es tab l i shed  t h e  Sperry Utah Engineering Laboratory (SUEL) 

a s  a d i v i s i o n  of t h e  parent  organiza t ion  and i n  l a t e  1956 com- 

p le ted  the  f i r s t  increment of the  new p lan t  f a c i l i t y  a t  S a l t  Lake 

City.  SUEL occupied i t s  f i r s t  bui ld ing of 50,000 square f e e t  i n  

December 1956 wi th  a personnel s t a f f  of 217, including a nucleus 

of 70 engineers t r a n s f e r r e d  from Great Neck, New York. A f t e r  

t h a t ,  SWL'S scope of work, personnel,  and physica l  f a c i l i t i e s  

grew rap id ly  and s t e a d i l y .  With the  bulk of work on the  SERGEANT 

being done a t  S a l t  Lake Ci ty ,  r a t h e r  than Great Neck, the  Los 

"(1) L t r ,  CG,  RSA, t o  Dep Chf, NYOD, 27 Feb 56, subj :  Ne- 
g o t i a t i o n  of a R&D Contr on SGT. (2) TR 825, Rev 3, 28 Nar 56, 
subj:  R&D of t h e  SGT. Both i n  SPCF, Bx 13-813, RHA. (3) CPFF 
Contr DA-30-069-OW-1783, 15  Jun 56, w / ~ p e r r y  Gyroscope Co., Div 
of Sperry Rand Corp. Basic cont r  G suppl agrmts i n  SFCF, Bx 13- 
826, W e  



Angeles Ordnance D i s t r i c t  l a i d  claim t o  the  con t rac t  adminis t ra t ion  

r e s p o n s i b i l i t y  which was t r ans f  er red  from NYOD on 1 5  January 1958. 
12 

I n  June 1959, SUEL's R&D co-contract  (ORD-1783) was superseded 

by a new con t rac t  (ORD-1605). Other con t rac t s  awarded t o  SUEL i n  

mid-1959 included a $996,243 production engineering se rv ices  con- 

t r a c t  (ORD-1668); a new equipment t r a i n i n g  con t rac t  (Om-1586) f o r  

$233,464; and an i n d u s t r i a l  con t rac t  (ORD-1444) f o r  $30.7 mi l l ion .  

A year  l a t e r ,  on 30 June 1960, JPL was phased out  of t h e  program 

and SUEL assumed the  r o l e  of prime con t rac to r  under i t s  new name, 

t h e  Sperry Utah Company (SUCO). By t h a t  t i m e ,  t h e  company's per- 

sonnel had grown t o  more than 3,600 and i t s  p lan t  f a c i l i t i e s  t o  

416,905 square f e e t  of f l o o r  area ,  t h e  l a t t e r  being equipped wi th  

the  a s s i s t a n c e  of a $1,164,300 f a c i l i t i e s  con t rac t  (ORD-1188). 13 

During i t s  tenure  a s  F&D co-contractor  (March 1956 t o  30 June 1960), 

SUEL received nea r ly  $60 mi l l ion  i n  RMlE funds under i t s  JPL sub- 

con t rac t  and Ordnance R&D con t rac t s .  14 

From t h e  beginning of the  SERGEANT R&D program i n  195'5 through 

t h e  phaseout of JPL on 30 June 1960, t h e  t o t a l  RDTE ob l iga t ion  came 

12(1) BG J. G .  Shinkle,  "Army's  Sergeant Guided Miss i l e  Sys- 
tem," Sperryscope Magazine, a r t i c l e  r ep r in ted  i n  AOMC I n t e r n a l  
I n f o  Rel,  n.d. ( c i r caMarch  1960). (2) 1st Ind, CG, RSA, t o  Chf, 
NYOD, 29 Aug 57, on L t r ,  Chf, NYOD, t o  CG, RSA, 20 Aug 57, subj:  
Contr ORD-1783 w / ~ p e r r y  Gyroscope Co., Div of Sperry Rand Corp. 
SPCF, Bx 13-813, RHA. (3) L t r ,  Chf, MOD, t o  CG, RSA, 2 Dec 57, 
subj: Trf  of Contr Admin of Contr ORD-1783 w/the Sperry Gyro- 
scope Coo, Div of Sperry Rand Corp. f r  NYOD t o  M O D ;  & L t r ,  Chf, 
NYOD t o  Chf, M O D ,  9 J a n  58, subj: Trf of Admin (Contr ORD-1783). 
Both i n  SPCF, Bx 13-826, RHA. 

13(1) BG J.  G. Shinkle,  op. c i t .  (2) SUCO Rept W-380-0312, 
Apr 1963, subj:  F i n a l  Ph Rept (Ph I )  Contr ORD-1605(Z), FA GM Sys 
(SGT), pp. 1-2. RSIC. (3) JPL F i n a l  Rept 20-137, 1 Oct 60, pp. 3, 
20. RSIC. (4) Ci ted  c o n t r a c t s  i n  SPCF, Bx 7-129 & 13-826, RHA. 

1 4 ~ h i s  included $26,918,284 under subcontract  L-41160 and 
$32,646,419 under c o n t r a c t s  ORD-1783 and ORD-1605. A modif ica-  
t i o n  of ORD-1605 on 28 September 1960 increased the  con t rac t  
value by $799,991 t o  a t o t a l  of $33,446,412, and extended the  
period of performance through December 1960. 
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t o  $147,071,000. JPL's s h a r e  ( i nc lud ing  $26.9 m i l l i o n  f o r  SUEL 

subcon t r ac t  L-41160) was $80,672,700; SUEL rece ived  $32,626,419 

under i t s  R&D co -con t r ac t s ;  and t h e  remaining $33,751,881 went 

t o . s u p p o r t i n g  Government agencies  and subcon t r ac to r s .  Under t h e  

updated program plan ,  development and f i n a l  des ign  r e l e a s e  of  

t h e  v~eapon system was t o  have been completed a t  t h e  t ime of  

JPL1s phaseout i n  June  1960, w i t h  t h e  d e l i v e r y  of t a c t i c a l  

equipment f o r  an  Ordnance Support Readiness Date of August 1961. 

However, f o r  reasons  enumerated below, t h i s  o b j e c t i v e  was n o t  

achieved.  Development cont inued a t  SUEL through FY 1961-62 w i t h  

a r e v i s e d  r e a d i n e s s  d a t e  of June  1962 and a t o t a l  RDTE o u t l a y  of 

$29,880,000 f o r  t h e  2-year per iod .  The r e v i s e d  r ead ines s  d a t e  

was met, b u t  engineer ing  d e f i c i e n c i e s  delayed t h e  s t a n d a r d i z a t i o n  

of t h e  weapon system. A s  a r e s u l t ,  t h e  product  improvement prog- 

r a m  c o s t  more ($13,458,000) and cont inued over  a longer  per iod  

(A7 1963-67) than  normally r equ i r ed .  The system was c l a s s i f i e d  

as Limited Product ion (LP) i n  November 1958, dur ing  t h e  pre l imi-  

nary  PAD des ign  r e i c a s e ,  and iiie L? c1assif ic ;a ' i ion was exterided 

on a year-by-year b a s i s  u n t i l  June  1968, when t h e  SERGEANT w a s  

class i f  i e d  as Standard  A. 15  

From t h e  viewpoint  of o r i g i n a l  ob jec t ives ,  l6 t h e  JPL-SUEL 

co -con t r ac tua l  r e l a t i o n s h i p  was a miserable  f a i l u r e .  Pursuant  

t o  JPL 's  p lan ,  Sper ry  performed a l a r g e  sha re  of t h e  R&D work on 

t h e  system and t h e  scope of i t s  ass igned  t a s k s  was expanded as 

development progressed.  However, JPL f a i l e d  i n  i t s  s t a t e d  goa l  

of c r e a t i n g  a f i n a l  engineering model t h a t  would r e q u i r e  l i t t l e  

change f o r  f u l l  product ion,  and then  underest imated t h e  scope of 

e f f o r t  necessary  t o  r e s o l v e  outs tanding  t e c h n i c a l  problems. 

Moreover, JPL was phased o u t  of t h e  program some 8 months e a r l i e r  

- 
15(1)  WCM1s 36927, 24 Nov 58, and 37042, 2 Apr 59. (2)  

AMCXCM 6331, 5 Sep 68. A l l  i n  RSIC. 
16 

See above, pp, 43-44, 45. - 



than o r i g i n a l l y  planned, and s t r a i n e d  r e l a t i o n s  between t h e  

l abora to ry  and sper ry l7  i n t e r f e r e d  with t h e  timely so lu t ion  of 

c r i t i c a l  problem areas .  Sperry, on the  o ther  hand, underes t i -  

mated i t s  t echn ica l  and production job and was not  adequately 

prepared t o  cope with a l l  t h e  problems a r i s i n g  i n  t h e  remainder 

of t h e  R&D program. Y e t  Sperry managers stubbornly i n s i s t e d  t h a t  

t h e  company was completely capable of running t h e  program without 

JPL's help  and proceeded t o  cover up t h e  exis tence  of major tech- 

n i c a l  problems and system def ic ienc ies  . i n  verbose, sales-brochure 

type progress repor t s .  18 

. Many of t h e  component design and compat ib i l i ty  problems 

a r i s i n g  immediately before  and a f t e r  JPL's phaseout i n  June 1960 

were a t t r i b u t e d  t o  a shortage of funds and a consequent reduction 

of test  hardware which r e s u l t e d  i n  a design based on i n s u f f i c i e n t  

t e s t  da ta .  For t h i s  reason, it was necessary t h a t  some components 

designed by JPL be redesigned a f t e r  t h e  in ter im R&D re lease .  But 

Sperry had a tendency t o  go overboard and completely redesign a 

component a t  considerable c o s t  ins tead of concentrat ing on r e f i n e -  

ment of t h e  bas ic  design and s t r i v i n g  t o  improve it  s u f f i c i e n t l y  

' t o  f u l f i l l  system requirements. 
19 I n  some cases,  t h e  Army a l s o  

went overboard and adopted new component designs over JPL's 

object ions .  For example, the  t a c t i c a l  warhead conta iner  de- 

veloped and t e s t e d  by JPL over a period of 3 years  was replaced 

i n  A p r i l  1960 by an a l t e r n a t e  container designed and developed 

17For d e t a i l s  r e l a t i n g  t o  the  JPL-Sperry r i f t  and i t s  impact 
on t h e  program, - see  below, pp. 56ff .  

18(1) TT, CofOrd t o  CG, AOEIC, 25 J a n  60, subj: S ta tus  of t h e  
SGT Program; & TT, ORDXR-CR-541-60, CG, AOMC, t o  CofOrd, 28 J a n  60. 
Atchd a s  i n c h  t o  SS, ORDXR-C-15-60, ARGMA Con Ofc, 27 J a n  60, 
subj: Adj SGT Program. H i s t  Div F i l e .  (2) DF, D i r  of Projs ,  RDO, 
ABMA, t o  ABMA Comdr, 30 Aug 61, subj: C m t s  on SUCO L t r  of 17 Aug 
61. SPCF, Bx 13-825, RHA. 

"(1) ABMA Rept, SGT Lead Time Case Study, 9 May 61, p. 18. 
H i s t  Div F i l e .  (2) Ltr ,  Edmond D O  Messer, Proj  D i r ,  SGT/CPL Proj  
Ofc, RDO, ABMA, t o  SUEL, 19 Aug 60, n.s.  SPCF, Bx 7-129, RHA. 



I 
by P ica t inny  ~ r s e n a l .  2o Other l a t e n t  problems and d u p l i c a t i o n  of 

e f f o r t  stemmed from engineer ing  e r r o r s  and omissions on t h e  p a r t  

o f  JPL (such as d e l e t i o n  of a i r  cond i t ion ing  equipment which had 

t o . b e  suppl ied  a f t e r  deployment of t h e  SERGEANT), and from b e l a t e d  

t e c h n i c a l  d e c i s i o n s  by Army o f f i c i a l s  (such as t h e  eleventh-hour 

change from t h e  Neidhart  t o  t h e  t o r s i o n  ba r  suspension system). 2 I 

The JPL-Sperry R i f t  

The r e l a t i o n s h i p  between JPL and Sperry s t a r t e d  out  on a very 

c o r d i a l  b a s i s  and promised t o  provide Ordnance wi th  an excep t iona l ly  

s t r o n g  SERGEANT development and product ion  team. A s  noted  e a r l i e r ,  

t h e  JPL c o n s u l t a n t s  t o  t h e  SERGEANT Contrac tor  S e l e c t i o n  Committee 

were i n  f u l l  agreement wi th ,  and indeed recommended, t h e  choice  of 

Sperry as t h e  co-cont rac tor ,  and D r .  P icker ing  went t o  g r e a t  pa ins  

to a s s u r e  t h e  smooth i n t e g r a t i o n  of Sperry engineers  i n t o  t h e  

SERGEANT p r o j e c t  family. The honeymoon, however, appears  t o  have 

l a s t e d  only through t h e  f a m i l i a r i z a t i o n  phase, f o r  s i g n s  of d i s sen -  

s i o n  emerged dur ing  t h e  pre l iminary  K&D r e l e a s e  i n  1958-59 and a 

ful l -blown r i f t  e rupted  i n  1960. 

The pre l iminary  R&D r e l e a s e  began i n  t h e  f a l l  of 1958 wi th  a 

scheduled completion d a t e  of  15  May 1959 f o r  a l l  items. Ordnance 

format drawings f o r  t h e  in t e r im r e l e a s e  t o  i n d u s t r i a l  were t o  be  

completed by October 1959, followed by t h e  f i r i n g  of t h e  f i r s t  

Engineering Model (Round 30) by SUEL i n  October 1959. I n  January 

1959, however, JPL repor t ed  a de lay  i n  t h e  r e l e a s e  schedule be- 

cause of t e c h n i c a l  problems and d i f f i c u l t i e s  i n  g e t t i n g  SUEL t o  

20(1) DF C m t  # I ,  Cbf, RDD, A ,  t o  Chf, I D ,  ARGPLA, 11 Apr 
60, subj :  SGT Whd Cntnr Proc. SPCF, Bx 7-129, RI-IA. (2)  JPL Pub 
V179, 5 J u l  60, subj :  SGT Foresec t ion  Cntnr.  SPCF, Bx 7-130, RHA. 
(This  JPL paper o u t l i n e d  t h e  r e l a t i v e  mer i t s  of t h e  two con ta ine r  
des igns  and expressed t h e  opin ion  t h a t  t h e r e  was no b a s i s ,  t ech-  
n i c a l  o r  otherwise,  f o r  changing t h e  des ign  philosophy.) 

2 1 ~ e e  - belorr, pp. 71-72, 85  ( f n  48) ,  112-17, 123, 140-42, 
149-54, 156-57, 160 ( f n  55) ,  182-86, 189. 



fol low the  Laboratory's engineering change procedure. Sperry engi- 

neers  agreed t o  fol low JPL's i n s t r u c t i o n s  r ega rd less  of t h e i r  own 

opinion, b u t  JPL s t i l l  f e l t  t h a t  the  con t rac to r  tended t o  emphasize 

i n d u s t r i a l  a c t i v i t i e s  because t h i s  would u l t ima te ly  be the  source 
2 2 , 

of t h e  b igges t  purse. 

Following a v i s i t  t o  t h e  West Coast i n  Apr i l  1959, t h e  

Commanding General of t h e  Army Ordnance Miss i l e  Command (AOMC) 

was inc l ined  t o  agree  wi th  JPL. He noted t h a t  Sperry was not  

implementing t h e  development program a s  it should be, but seemed 

t o  be wai t ing  f o r  an R&D package t h a t  it could take  and move i n t o  

production. This  observation,  coupled wi th  c o n f l i c t i n g  views 

presented by JPL and Sperry in a s e r i e s  of d iscuss ions ,  prompted 

t h e  Commander of t h e  Army Rocket & Guided Miss i l e  Agency (ARGMA) 

t o  launch an inves t iga t ion  of both con t rac to r s .  23 I n  t h e  wake of 

t h i s  inves t iga t ion  and a se r ious  s l ippage  i n  the  prel iminary r e -  

l e a s e  schedule,24 D r .  Pickering s e n t  a r ep resen ta t ive  t o  AOMC, on 

14 May 1959, t o  acquaint  t h e  Command wi th  t h e  competency of SUEL 

and t o  supply da ta  f o r  use i n  AOMC's upcoming discuss ions  wi th  

top  management of t h e  Sperry Gyroscope Company. 

M r .  R. J. Parks, t h e  SERGEANT Pro jec t  Di rec to r  a t  JPL, 

presented AOMC a long l i s t  of complaints on SUEL's performance of 

22(1) DF C m t  # l ,  D i r ,  Gen Spt  Sys B r ,  I D ,  t o  Chf, RDD, ARGMA, 
30 J a n  59, subj  : SGT Engrg Rel. (2) DP C m t  #2, Chf, RDD, t o  D i r ,  
Gen Sp t  Sys B r ,  ID, 9 Feb 59, subj:  same. (3) DF, Chf, RDD, t o  
ARGMA Comdr, 29 J a n  59, subj: Crs of Action Re la t ive  t o  SGT Sec 
Proc Docu Re1 Scd. A l l  i n  SPCF, Ex 13-826, RHAo 

23DF C m t  # l ,  AOMC CofS, t o  ARGMA Comdr, 17 Apr 59, subj:  
C G ' s  V i s i t  t o  West Coast 12-15 Apr 59; & C m t  82 ,  ARGMA Comdr t o  
CG, AWC, 24 Apr 59, subj  : same. H i s t  Div F i l e .  

24As of 15  May 1959, JPL had e f fec ted  r e l e a s e s  f o r  only 60 
of t h e  101 items making up t h e  b a s i c  system. The remaining items 
were t o  have been re leased  by 1 September 1959, bu t  t h i s  d a t e  was 
s l ipped  t o  13 October 1959. (1) TT ORDXR-RHL-305, ARGMA Comdr t o  
CofOrd, 13 Aug 59. (2) DF, Chf, RDD, t o  Chf, I D ,  13 O c t  59, subj: 
SGT Prelim Rel. Both i n  SPCF, Bx 13-826, RHA. 



t a s k  assignments, t h e  b a s i c  problem being one of an o v e r a l l  lack  

of confidence i n  company management. An evaluat ion  of t h e  program, 

he sa id ,  had l e d  JPL t o  t h e  p o s i t i v e  conclusion t h a t  "ce r t a in  

a c t i o n s  a r e  mandatory t o  prevent f u r t h e r  schedule d e t e r i o r a t i o n ,  

product degradation,  and a severe  weakening of t h e  Sergeant 3ys- 

tern concept." He pointed out  t h a t  JPL was e s s e n t i a l l y  on sched- 

u l e  i n  i t s  R&D drawings, but  t h a t  SUEL was behind schedule i n  

both  design drawings and i n  the  conversion t o  Ordnance format. 

Noting t h a t  SUEL had been f i g h t i n g  t h e  engineering change pro- 

cedure, M r .  Parks a s s e r t e d  t h a t  i t  would probably blame schedule 

s l ippages  on t h e  engineering changes requi red  by JPL r a t h e r  than 

on i t s  own l ack  of experience. H e  a l s o  charged t h a t  SUEL was not  

developing t h e  necessary s t a f f  and f a c i l i t i e s  t o  meet cu r ren t  and 

f u t u r e  needs of t h e  program, and expressed grave doubts a s  t o  t h e  

v a l i d i t y  of t h e  program t r a n s f e r  d a t e  and t o  t h e  a b i l i t y  of SUEL 

t o  accomplish t h e  program a s  a s o l e  con t rac to r .  Yet another  

complaint d e a l t  wi th  SUEL's f a i l u r e  t o  comply wi th  t h e  agreement 

where5y PI, ::as t o  approve subcor,tractor f a c i l i t i e s .  The bone of 

content ion  he re  concerned SUEL's r e c e n t  s e l e c t i o n  of t h e  American 

Machine & Foundry Company (AM?) t o  manufacture t h e  SERGEANT 

launcher. Although AMF submitted t h e  lowest b id  ($22,000), JPL 

f e l t  t h a t  t h e  Food Machinery & Chemical Corporat ion 's  b id  of 

$60,000 was more r e a l i s t i c  and i n s i s t e d  t h a t  it be s e l e c t e d  f o r  

t h e  subcontract .  
2 5 

The f i n a l  AOXC decis ion  on the  l a t t e r  complaint spawned a 

sharp exchange between D r .  Pickering and MG John B. Medaris, then 

t h e  Commanding General of AONC. An inves t iga t ion  of the  matter  

di.sclosed t h a t  ANT had submitted the  lowest b id ,  and i n  view of 

i t s  production c a p a b i l i t i e s  t h e r e  was no cogent reason why SUEL 

should be denied t h e  r i g h t  t o  award the  con t rac t  t o  M. Moreover, 

2 5 M F ~ ,  A O X  CofS, 14  May 59, subj  : SGT Program, wl incl ,  S t a t e -  
ments Regarding SUEL Management of SEKGWI Program, JPL, 5 Play 59. 
H i s t  Div F i l e .  
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a premature l e a k  of information t o  AMF l e f t  General Medaris l i t t l e  

choice but  t o  approve SUEL1s se lec t ion .26 Asked f o r  h i s  r e a c t i o n  

t o  t h e  decis ion ,  D r .  Pickering b lun t ly  r ep l i ed :  

. 1. The Laboratory w i l l  continue t o  e x e r t  i ts  b e s t  e f f o r t s  
i n  t h e  i n t e r e s t  of t h e  Sergeant program. / 

2. The Laboratory f e e l s  i t s  inf luence  on the  program w i l l  
be severe ly  l imi ted  by t h e  s e l e c t i o n  of a subcontractor  o the r  
than one which, i n  i t s  judgment, i s  wel l -qual i f ied  t o  s a t i s f y  
t h e  schedule and q u a l i t y  requirements. 

3. I n  view of t h e  above, i f  AMF i s  t h e  s e l e c t e d  con t rac to r ,  
t h e  Laboratory w i l l  assume t h a t  it is i n  f a c t  r e l i eved  of t h e  
accoun tab i l i ty  f o r  schedule, q u a l i t y ,  and compat ib i l i ty  of t h i s  
por t ion  of t h e  Sergeant  ~ ~ s t e m . ~ 7  

General ~ e d a r i s '  r ep ly  was equally b lun t :  "I deeply r e g r e t  t h a t  

you f e l t  compelled t o  w r i t e  paragraphs 2 and 3, and I cannot 

agree  wi th  e i t h e r . "  He urged D r .  Pickering t o  continue t o  e x e r t  

h i s  b e s t  e f f o r t s  i n  support  of t h e  program and assured him t h a t  

t h e r e  would be f u l l  agreement o r  a r b i t r a t i o n  of d i f f e rences  

before  any f u t u r e  prospect ive  subcontractor  became aware of h i s  

t e n t a t i v e  s e l e c t i m .  
2 8 

During a s t a t u s  review of t h e  program a t  ARGMA on 15 J u l y  

1959, SUEL and JPL represen ta t ives  exhibi ted  a very f r i e n d l y  and 

cooperat ive a t t i t u d e  toward each o the r  and appeared t o  be working 

2 6 ~ ~ ,  CG,  AOMC, t o  CO, M O D ,  2 J u l  59. SPCF, Bx 13-826, RHA. 

27(1) L t r  t o  MG John B. Medaris, 11 Jun 59, n . s .  SPCF, Bx 
13-826, RHA. (2) D r .  P icker ing ' s  objec t ions  t o  AMF were apparent ly  
we l l  founded. J u s t  4 months l a t e r ,  t h e  SERGEANT Sect ion  repor ted  
t h a t  t h e  AMF b id  f o r  four R&D launchers was higher than i n d u s t r i a l  
launchers. Moreover, AMF had f a i l e d  t o  buy t h e  T1 s t e e l  it was 
supposed t o  and because of a s t e e l  s t r i k e  was forced t o  s u b s t i t u t e  
4130 s t e e l .  The launchers were of poor q u a l i t y  because p a r t s  were 
not  mated properly and gaps were f i l l e d  wi th  weld mater ia l .  JPL 
i n s i s t e d  t h a t  they were only of s u f f i c i e n t  q u a l i t y  t o  serve  a s  
f i r i n g  platforms and would not  be acceptable  f o r  opera t ional  and 
environmental t e s t s .  DF, D i r ,  SGT Sec, LCB, PMS, RDD, t o  Chf, 
RDD, 14 Oct 59, subj:  Problem Areas Within the  SGT Sys. SPCF, 
BX 13-826, RHAo 

2 8 ~ t r  t o  D r .  Pickering, 6 J u l  59, n.s .  SPCF, Bx 13-826, RHA. 



i n  uni . a t  had 

I 

1 

caused o so lve  t h e  problems t h  a 2-month s l ippage  

in t h e  RhD program.2g They a l s o  seemed t o  be  i n  agreement on 

prel iminary p lans  f o r  JPL's e a r l y  phaseout from t h e  program and 

t h e  assumption of t echn ica l  r e s p o n s i b i l i t y  by SUEL. JPL was 
, 

o r i g i n a l l y  scheduled t o  r e t a i n  r e s p o n s i b i l i t y  f o r  t h e  R&D system 

u n t i l  February 1961, bu t  t h i s  d a t e  had been moved up t o  30 June 

1960 following JPL's t r a n s f e r  from the  Army t o  the  National  

Aeronautics & Space Administrat ion (NASA) i n  December 1958. 

The phaseout plan,  issued by ARGMA i n  August 1959, included 

por t ions  of plans previous ly  submitted by t h e  two con t rac to r s .  

Although d e f i n i t e  con t rac tua l  arrangements were y e t  t o  be worked 

out ,  i t  was genera l ly  agreed t h a t  SUEL would assume t echn ica l  

r e s p o n s i b i l i t y  f o r  t h e  weapon system on 1 J u l y  1960, wi th  JPL 

serving i n  an a c t i v e  consu l t a t ion  r o l e  t o  ARGMA and SUEL u n t i l  

t h e  end of t h e  R&D program i n  February 1961. During t h a t  period,  

JPL would maintain a s t a f f  of about 25 engineers f o r  t h e  purpose 

of monitoring t h e  program f o r  ARGNA. This  s t a f f  would have no 

a u t h o r i t y  over SUEL, bu t  would augment t h e  small ARGMA techn ica l  

s t a f f  of 4 t o  8 engineers.  30 

During d iscuss ions  wi th  ARGMA. R&D personnel i n  March 1960, 

JPL advised t h a t ,  i n  a d d i t i o n  t o  t h e  monitoring r o l e  involving 

about 25 engineers,  t h e  Laboratory should plan on r e t a i n i n g  

another  15  engineers t o  a s s i s t  i n  cleaning up remaining design 

de f i c i enc ies  which were showing up i n  t h e  f i r s t  production 

equipment. It emphasized, however, t h a t  such work would be done 

only i f  requested by SUEL and concurred i n  by ARGMA. 017 t he  b a s i s  

2 9 ~ t r ,  ARGYA Comdr t o  CG, AONC, 17 J u l  59, subj:  SGT S ta tus  
Review. His t  Div F i l e .  

30(1) Plan f o r  Phaseout of JPL from the  SERGEANT R&D Program, 
25 Aug 59, atchd a s  i n c l  t o  L t r s ,  Dep Condr, ARGMA, t o  D i r ,  JPL, 
and Mr. Paul W. Vestigo, SUET,, 2 Sep 59, n.s.  (2) L t r ,  D i r ,  JPL, 
t o  ARGNA Comdr, 27 Mar 59, subj:  Trf of Resp f o r  SGT Program. A l l  
i n  SPCF, Bx 13-826, RHA. (3) JPL F ina l  Rept 20-137, 1 Oct 60, pp. 
9-10. KSIC. 
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of these  discussions,  JPL made f irm plans f o r  r e t e n t i o n  of t h e  25 

engineers and was prepared t o  include t h e  add i t iona l  15  engineers 

sub jec t  t o  t h e  outcome of a j o i n t  meeting wi th  SUEL and ARGMA. 

The meeting held a t  SUEL on 4 May 1960 ended i n  a head-on 

c l a s h  between t h e  two con t rac to r s .  SUEL represen ta t ives  s t a t e d  

t h a t  t h e  company was p e r f e c t l y  capable of running the  SERGEANT 

program and would have v i r t u a l l y  no requirement f o r  JPL a s s i s t a n c e  

except perhaps occasional  h i s t o r i c a l  da ta .  They s t rongly  objected 

t o  t h e  r e t e n t i o n  of a fu l l - t ime  JPL engineering s t a f f  under t h e  

R&D con t rac t ,  because t h i s  would put Sperry i n  t h e  incompatible 

p o s i t i o n  of having bas ic  program r e s p o n s i b i l i t y  with de f a c t o  

accoun tab i l i ty  t o  JPL. Instead,  they i n s i s t e d  t h a t  SUEL must be 

given complete weapon system r e s p o n s i b i l i t y  and t h a t  a d i r e c t  

con t rac t  wi th  JPL would be arranged i f  the  need f o r  i t s  se rv ices  

- should a r i s e .  JPL represen ta t ives  r e t o r t e d  t h a t  subcontract ing 

t o  indust ry  was aga ins t  NASA policy,  and t h a t  t h e  con t rac t  f o r  

such se rv ices  would have t o  be with t h e  Ordnance Corps. ARGMA 

R&D personnel were equal ly  emphatic i n  t h e i r  d e s i r e  t o  r e t a i n  

JPL's a c t i v e  p a r t i c i p a t i o n  i n  t h e  program, but they were over- 

ru led  by t h e  ARGMA Commander who decided aga ins t  the  r e t e n t i o n  of 

a fu l l - t ime  engineering s t a f f .  Upon learning of the  Agency's plan 

t o  con t rac t  wi th  JPL f o r  consult ing se rv ices  wi th  no provision f o r  

a standby c a p a b i l i t y ,  Sperry changed i t s  pos i t ion  wi th  regard t o  

a d i r e c t  con t rac t  with JPL and agreed t h a t  t h e  few SUEL demands, 

i f  any, could be met through use of t h e  ARGMA con t rac t .  3 1 

Shor t ly  a f t e r  t h e  4 May conference, rumor reached JPL t h a t  

ARGMA planned t o  follow Sperry ' s  recommendations. I n  a telephone 

conversat ion wi th  t h e  ARGMA Commander on 13 May 1960, ~r . Pickering 

3 1 (1) Ib id . ,  p. 10. (2) SS ORDXR-CR-79-60, ARGMA Con Ofc, 5 
May 60, subj: SGT Rept f o r  SA; & L t r ,  CG, AOMC, t o  CofOrd, 6 May 
60, subj: same, w/incl .  SPCF, Bx 7-128, RHA. (3) L t r ,  Sperry 
Gyroscope Co. t o  BG John G. Shinkle, ARGMA Comdr, 10 May 60, n.s .  
F i l e  same. 



l e a rned  t h a t  t h e  rumor was t r u e  and proceeded w i t h  p l ans  t o  r e -  

l e a s e  SERGEANT engineers  f o r  NASA assignments e f f e c t i v e  1 J u l y .  

pursuant  t o  i n s t r u c t i o n s  r e l a t e d  i n  t h e  te lephone conversa t ion ,  

he  r e p o r t e d  t h a t  JPL was immediately reprogramming 40 engineers  

i n t o  NASA a c t i v i t i e s  and planned t o  have no engineers  a v a i l a b l e  

t o  t h e  SERGEANT on 1 J u l y  1960, except  f o r  t h e  few necessary  t o  

complete t h e  f i n a l  r e p o r t  and type  approval  tests on one s e t  of 

Engineering Model m i s s i l e  assemblies .  I n  t h e  l i g h t  df subsequent 

developments i n  t h e  program, JPL'S p o s i t i o n  on ARGMA's dec i s ion  

bea r s  r epea t ing :  

- 1. We b e l i e v e  t h e  Sergeant  is a good system and w i l l  be  
one of t h e  Army's most important  weapons f o r  many y e a r s  t o  come. 

2. We a p p r e c i a t e  and r e s p e c t  sUEL'S recommendations and 
r ega rd  f o r  t h e i r  a b i l i t y  t o  s t and  alone.  They have come a long 
way i n  t h e  l a s t  two months. There  a r e  s t i l l  some c r i t i c a l  a r e a s  
wherein they  have y e t  t o  b u i l d  t h e  r equ i r ed  c a p a b i l i t y .  

3 0  I n  t h e  i n t e r e s t  of t h e  Sergeant  Program, we s i n c e r e l y  
b e l i e v e  t h a t  improvement and t e s t i n g  a c t i v i t i e s  w i l l  p rogress  
more r a p i d l y  w i t h  t h e  p l an  w e  have p ~ u p o s e d ,  v i s . ,  25 e i~gl i ieers  
f o r  c o n s u l t a n t s  t o  ARGMA and 1 5  engineers  f o r  a s s i s t i n g  SUEL i n  
des ign  cleanup. We b e l i e v e  a drop of 110 JPL engineers  on 
Sergeant  i n  t h e  f i r s t  6 months of 1960 t o  8 ARGMA l&D engineers  
on 1 J u l y  1960 i s  too  sudden a t r a n s i e n t .  

4. You have, however, s t a t e d  t h a t  t h e r e  i s  no requirement  
f o r  such a s s i s t a n c e .  . . . 

5. A s  of 1 J u l y  1960 we understand you wish us  n o t  t o  p l an  
t o  send JPL personnel  t o  SUEL, t o  f i e l d  ope ra t ions ,  o r  t o  c o n t a c t  
ARGMA on any Sergeant  m a t t e r s  except  upon r e q u e s t  from you o r  
SUEL. I n  c a s e  of r e q u e s t s ,  of course,  our  a b i l i t y  t o  comply w i l l  
depend upon t h e  a v a i l a b i l i t y  of t h e  ind iv idua l s  needed. 

6.  The p o s s i b i l i t y  of JPL being a b l e  t o  a s s i s t  i n  t h e  
Sergeant  t o  any s i g n i f i c a n t  degree a f t e r  30 June  1960 i s  very  
small  should JPL be r e c a l l e d  t o  do so.  As you know, i n  t h e  c a s e  
of t h e  Corporal ,  JPL was phased-out and a few months l a t e r  w a s  
c a l l e d  a c t i v e l y  back i n t o  t h e  Corporal  Program f o r  a cons ide rab le  
l e n g t h  of time. JPL was then  completely a member of t h e  Army 
fami ly  and it was a ma t t e r  of one Army program ve r sus  another .  
Now we must make every a t t e x p t  t o  f u l f i l l  our  t o t a l  commitments 
t o  NASA, once we make them. Furthermore, t h e  l e v e l  of e f f o r t  



r equ i red  on t h e  
by t h e  Sergeant 
Program. 32 

NASA a c t i v i t i e s  is  much g r e a t e r  than was requi red  
a t  t h e  time we were c a l l e d  back i n t o  t h e  Corporal 

The problem of s e l e c t i n g  a p r a c t i c a l  method f o r  JPL's p a r t i -  

c i p a t i o n  i n  t h e  program a f  t e r  30 June was complicated- by the  

necess i ty  of preventing dup l i ca t ion  of work wi th  Sperry, avoiding 

a monitorship of Sperry ' s  work by JPL, and avoiding t h e  c o s t  of 

standby engineers a t  JPL during periods of low work l eve l .  I n  

June 1960, JPL and ARGMA reached an agreement whereby JPL would 

provide advisory,  i n s t r u c t i v e ,  and engineering consul tant  se rv ices  

d i r e c t l y  t o  ARGMA, wi th  no provision f o r  a standby capaci ty .  The 

$125,000 ( c o s t  reimbursable) con t rac t  included a yea r ly  e s t ima te  

of $100,000 f o r  engineering se rv ices  and $25,000 f o r  completion of 

t h e  f i n a l  SERGEANT repor t .  To avoid any large-sca le  in te r fe rence  

wi th  o the r  JPL programs a f t e r  t h e  reassignment of SERGEANT engi- 

neers ,  t h e  c o n t r a c t  s p e c i f i e d  a 1600-hour maximum workload c e i l i n g  

f o r  any 1 month. When no SERGEANT work was assigned,  personnel 

would be used on o t h e r  p r o j e c t s ,  thus allowing JPL t o  plan i t s  

work without  the  necess i ty  of a standby crew a l l o c a t e d  only t o  

SERGEANT. Work under t h e  con t rac t  would be con t ro l l ed  by an 

engineering work order  system, whereby JPL would be authorized t o  

i n i t i a t e  s p e c i f i c  engineering t a sks  placed by ARGMA. SUEL could 

ob ta in  t echn ica l  a s s i s t a n c e  o r  engineering se rv ices  from JPL by 

t h i s  work order  method through ARGMA. 33 

For a l l  i n t e n t s  and purposes, then, JPL was el iminated from 

t h e  SERGEANT program e f f e c t i v e  1 J u l y  1960. And Sperry management 

L t r ,  D r .  W. H. Pickering,  D i r ,  JPL, t o  BG John G. Shinkle, 
ARGMA Comdr, 17 May 60, subj:  JPL's Role i n  the  SGT Af te r  30 Jun 
600 SPCF, BX 7-128, R H A e  

33(1) SS ORDXR-1-624, ARGMA I D ,  2 Jun 60, subj:  JPL Role in  
SGT Af te r  Phase Out; & TT ORDXR-IC-147, CG, AOMC, t o  CofOrd, 3 Jun 
60. SPCF, Bx 7-128, RHA. (2) L t r ,  CG, AOMC, t o  CofOrd, 12 J u l  60, 
subj:  SGT Rept f o r  t h e  SA. H i s t  Div F i l e .  (3) -- Also see  Contr 
DA-04-495-ORD-3060, 20 Jun 60. SPCF, Bx 7-129, RHA. 



soon made i t  c l e a r  t h a t  JPL 's  s e r v i c e s  were n b i t h e r  d e s i r e d  nor  

r equ i r ed .  I n  view of  t h e  l a t e r  problems and de l ays  t h a t  compro- 

mised t h e  program, t h i s  a t t i t u d e  was most un fo r tuna te .  A s  JPL 

had warned back i n  May 1959 and a g a i n  i n  May 1960, SUEL managers 

had f a i l e d  t o  develop adequate  s t a f f  and f a c i l i t i e s  t o  c o p e w i t h  

t h e  R&D and product ion  problems confront ing  them i n  t h e  remainder 

of t h e  program. Yet they  r e fused  t o  a v a i l  themselves of JPL ' s  

t e c h n i c a l  background a s s  is t a n ~ e ~ ~  and t h e  SERGEANT program 

l i t e r a l l y  f e l l  a p a r t  a t  t h e  seams w i t h i n  12 months' t ime. 

Indeed, JPL had no sooner handed t h e  program over  t o  SUEL 

than  s e r i o u s  t e c h n i c a l  problems fo rced  t h e  suspension of f l i g h t  

t e s t  f i r i n g s  and evoked emphatic r e a c t i o n  from Washington t h a t  

"JPL should be  i n  t h e  a c t . ' '  Having argued f o r  and f a i l e d  t o  g e t  

a c o n t r a c t  t o  main ta in  a SERGEANT engineer ing  s t a f f  a f t e r  1 J u l y  

1960, D r .  P i cke r ing  was i n c l i n e d  t o  l e t  bo th  ARGMA and Sper ry  

s tew i n  t h e i r  own j u i c e .  His tongue-in-cheek response was t h a t  

SLJEL knew a s  much about  t h e  SERGEANT system a s  JPL and t h e r e f o r e  
3 5 

t h e  Laboratory could n o t  make any c o n t r i b u t i o n  t o  t h e  program. 

The f a c t  remained, however, t h a t  Sper ry  was woeful ly unprepared 

t o  c a r r y  on t h e  program and t h e  consequences were severe .  Com- 

p l e t  ion of t h e  R&D f l i g h t  t e s t  program s l i p p e d  from January  1961 

t o  September 1961; t h e  Ordnance Support Readiness Date s l i p p e d  

10 months, from August 1961 t o  June  1962; and t h e  weapon system 

remained i n  t h e  Limited Prod.uction c l a s s i f i c a t i o n  u n t i l  June  1968 

when it was f i n a l l y  accepted a s  s tandasd  Army equipment. 

3 4 ~ s  of 9 May 1961, no t  a s i n g l e  t a s k  assignment f o r  Sperry 
had been publ i shed  a g a i n s t  JPL' s engineer ing  s e r v i c e s  c o n t r a c t .  
ABFIA Rept,  SGT Lead Time Case Study, 9 May 61, pp. 20-21. H i s t  
Div F i l e .  

3 5 ~ n i l y  J o u r n a l ,  MG August Schomburg, CG, AOEIC, 1 6  Aug 60, 
r e :  T e l  C a l l  Concerning SGT f r  LTG J .  H. Hinr ichs ,  CofOrd. H i s t  
Div F i l e .  
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CHAPTER I11 

(U) PROGRAM MANAGEMENT 
-- _ 

,- 

Although t h e  co-contractor  approach crea ted  a mult i tude of 

problems, it was by no means responsib le  f o r  everything t h a t  went 

wrong. On t h e  cont rary ,  many of the  problems j u s t  described were 

a t t r i b u t e d  a s  much t o  d e f i c i e n c i e s  i n  t h e  p ro jec t  management sys- 

tem a s  t o  weaknesses i n  t h e  cont rac t ing  scheme. The SERGEANT was 

bese t  wi th  a m u l t i p l i c i t y  of managerial and f i n a n c i a l  problems 

which thwarted e f f i c i e n t  planning, con t ro l ,  and supervis ion  of 

t h e  program a t  t h e  f i e l d  opera t ing  l e v e l .  Chief among these  were 

i n t e r n a l  weaknesses i n  t h e  p r o j e c t  management s t r u c t u r e ,  frequent  

reorganiza t ions  and realignments wi th  a consequent heavy turnover 

- i n  p r o j e c t  personnel,  v a c i l l a t i n g  f i n a n c i a l  support,  and a l ack  

of f i rm and t imely guidance from higher headquarters .  These 

f a c t o r s ,  together  wi th  t h e  inherent  weaknesses i n  t h e  co-contrac- 

t o r  system, had a tremendous impact on management prof ic iency,  on 

t h e  scope and momentum of t h e  R&D e f f o r t ,  on program c o s t s ,  and 

on t h e  q u a l i t y  of the  end product. 

F inanc ia l  Support and "What I f "  Programming 

Funding problems and program s l ippages  such a s  those experi-  
1 

enced during the  prel iminary development phase i n  FY 1955 were 

des t ined t o  plague the  SERGEANT program throughout i t s  h i s to ry .  

The need f o r  a  r e l i a b l e  workhorse weapon t o  r ep lace  t h e  much- 

maligned CORPORAL had been es tab l i shed  and t h e  development program 

had been accorded LA p r i o r i t y .  F inanc ia l  support ,  however, f e l l  

miserably s h o r t  of t h a t  required t o  keep the  program on schedule 

o r  t o  a s su re  r e a l i s t i c  planning. And, wi th  t h e  c r e a t i o n  of an 

1 
See above, pp. 35-36. - 



ever increas ing number of review boards and committees, t h e  proj -  

e c t  d i r e c t o r  found himself spending more and more time j u s t i f y i n g  

and r e j u s t i f y i n g  h i s  program, making rush  r e p o r t s  on t h e  impact 

of funding d e f i c i e n c i e s ,  and answering absurd quer ies  commonly 
, 

r e f e r r e d  t o  a t  t h e  l o c a l  l e v e l  a s  'What I f "  programming. 

The budget f o r e c a s t  f o r  a  f i s c a l  year  included t h e  g r e a t e s t  

poss ib le  d e t a i l  t h a t  could be r e a l i s t i c a l l y  derived from known 

program requirements, and i t s  submission was genera l ly  accom- 

panied by formal b r i e f i n g s  and presenta t ions  a t  t h e  various 

management l e v e l s .  Yet t h e  sys tem manager was invar iably  asked 

t o  submit a l t e r n a t e  proposals  and contingency programs based on a 

v a r i e t y  of hypothet ica l  funding l e v e l s  and condi t ions ,  plus a  

d e t a i l e d  breakdown r e f l e c t i n g  t h e  e f f o r t  necessary t o  meet o v e r a l l  

system ob jec t ives  and t h e  p r i o r i t y  assigned t o  each individual  

segment. The f a l l a c y  of these  so-cal led 'What I f "  quer ies  was 

t h a t  they normally were based on d i r e c t e d  assumptions t h a t  formed 

. an inadequate b a s i s  f o r  supplying da ta  from which t o  de r ive  a 

v a l i d  decis ion .  And, i n  every f i s c a l  year  except one, they r e -  

s u l t e d  i n  a u s t e r e  funding below t h e  requi red  l e v e l ,  with conse- 

quent leadtime and schedule adjustments and u l t ima te  c o s t  

increases .  

To compound t h e  problem, the  a c t u a l  program a u t h o r i t y  was 

not  usua l ly  received a t  the  f i e l d  opera t ing  l e v e l  u n t i l  ha l f  of 

t h e  f i s c a l  year  had passed, o f t e n  r e s u l t i n g  i n  a c t u a l  stoppage 

of work and threatened layoff  of con t rac to r  personnel.  Moreover, 

the  funds t h a t  were authorized r a r e l y  remained unchanged, but  

were sub jec t  t o  f requent  withdrawals and l.osses t o  o ther  p r o j e c t s ,  

such a s  experienced i n  FY 1955. I n  some ins tances ,  a s  many a s  

f i v e  withdrawal t r ansac t ions  took place  in  the  course of a  year ,  

r equ i r ing  r e d i s t r i b u t i o n  of the  remaining funds t o  keep a l l  

f a c e t s  of the  program going u n t i l  funds could be borrowed from 

t h e  subsequent f i s c a l  year  a l lo tment .  This  p r a c t i c e  of "robbing 

Pe te r  t o  pay Paul" l e d  t o  more schedule adjus tnents ,  and the  

6 6 



adjustment procedure i t s e l f  required more manhours and a d d i t i o n a l  

funds. The amount of hardware a v a i l a b l e  f o r  a l l  phases of t e s t i n g ,  

t h e  amount and types of t e s t i n g ,  t h e  manhours given t o  f l i g h t  t e s t  

ana lys i s ,  and con£ idence i n  t h e  f i n a l  design were a l l .  a f  f ec ted .  
2 

, 
There is  n e i t h e r  time nor space he re  t o  r e l a t e  t h e  endless 

paper exe rc i ses  f o r  every year  of t h e  program; however, the  budget 

h igh l igh t s  f o r  a r e p r e s e n t a t i v e  year  should g ive  t h e  reader some 

idea of t h e  time and e f f o r t  involved a t  t h e  f i e l d  opera t ing  l e v e l .  

The following chronology b r i e f l y  i d e n t i f i e s  some of t h e  major 

exe rc i ses  and r e p o r t s  r e l a t i n g  t o  t h e  FY 1958 budget. 3 

26 March 1956 - Preliminary budget fo recas t  based on known 
program requirements. 

10 October 1956 - Program c o s t  es t imate  f o r  e a r l y  de l ivery  
of an in ter im SERGEANT system. 

17 October 1956 - Report on optimum funding requirement wi th  
- itemized j u s t i f i c a t i o n  based on e x i s t i n g  program schedule ( i . e . ,  

October 1962 readiness  date)  . 
26 October 1956 - Impact r epor t  on a 40% reduct ion  i n . o p t i -  

mum fuzding, plus d e t a i l e d  program da ta  based on the  bare  minimin 
(funding l e v e l  below which the  p ro jec t  would have t o  be  abandoned), 
optimum funding (maximum t h a t  could be economically used), and 
acce le ra ted  funding f o r  a crashed program. 

May 1957 - Impact r e p o r t  on a t e n t a t i v e  20% funding reduct ion  
s e t  by t h e  Senior  Review Board, together  wi th  a d e t a i l e d  item-by- 
item j u s t  i f  i c a t  ion for .  an indica ted  con t rac t  c o s t  increase  .and 
impact on program schedule i f  a d d i t i o n a l  funds not  received.  

October 1957 - Itemized impact r epor t  on a planned 25% funding 
reduction set by t h e  Senior  Review Board, and a planned 30% funding 
reduct ion  s e t  by t h e  Deputy Chief of S t a f f  f o r  Log i s t i c s  (DCSLOG). 

November 1957 - Impact r e p o r t  on the  approved RDTE budget 
which f e l l  $10,874,000 o r  about 31.8% s h o r t  of t h e  requested fund- 
ing l e v e l .  

January 1958 - Itemized repor t  on the  R&D hardware . t o  be 

' ~ o r e ~ o i n ~  summary based on budget and f i s c a l  documents i n  
SERGEANT Pro jec t  Case F i l e s ,  RHA; and data  presented i n  ABMA Rept, 
SGT Lead Time Case Study, 9 May 61 (His t  Div F i l e ) .  

See documents i n  SPCF, Bx 13-813, RHA. (The RDTE and PEMA - 
c o s t s  f o r  t h e  complete program a r e  presented l a t e r  i n  t h i s  s tudy.)  

6 7 



procured wi th  t h e  $10.8 mi l l ion ,  which was r e s t o r e d  t o  the  
SERGEANT budget co inc iden ta l ly  wi th  the  decis ion  t o  move the  
readiness  d a t e  up from October 1962 t o  August 1961. 

April-June 1958 - Program impact r e p o r t s  on four  fund with- 
drawal t r ansac t ions  t o t a l i n g  $1,942,606. 

, 
I n  h i s  December 1958 progress r e p o r t  t o  DCSLOG, MG J. H. 

Hinrichs,  t h e  Chief of Ordnance, complained t h a t  funding uncer- 

t a i n t i e s  and delays had prevented timely planning and e f f e c t i v e  

execution of Ordnance R&D programs. He maintained t h a t  admin- 

i s t r a t o r s  a t  OCO l e v e l  and i n  t h e  f i e l d  were requi red  t o  devote 

e n t i r e l y  too much of t h e i r  time " to  'management' i n  g r e a t  d e t a i l ,  

f a r  beyond t h a t  which is  e i t h e r  use fu l  o r  even d i g e s t i b l e . "  

Referr ing  t o  t h e  appa l l ing  d e t a i l ,  m u l t i p l i c i t y ,  and frequency 

of da ta-gather ing  reques t s ,  he declared:  

I f e e l  s t rong ly  t h a t  many of the  procedures under which we 
a r e  opera t ing  now - p a r t i c u l a r l y  a t  t h e  f i e l d  l e v e l  - a r e  e i t h e r  
doomed t o  immediate abandonment i n  war, o r  we a r e  doomed t o  
r e l a t i v e l y  e a r l y  c o l l a p s e  i n  war f o r  want of c l e a r  and simple 
procedures t h a t  w i l l  produce i ron  r a t h e r  than paper. . . . 

I am f e a r f u l  t h a t  because of t h e  foregoing, and the  undue 
a t t e n t i o n  t o  t h e  management of budgets,  r a t h e r  than programs and 
t h e i r  c o s t s ,  we may be caught with an imbalance i n  our weaponry: 
t h a t  we may have tubes without ammunition, o r  t h e  reverse ;  t h a t  
we may have guns without mounts; o r  t h a t  we may l ack  p a r t s  t o  
r e p a i r  and t h e  major items t o  r ep lace  losses .  I have no d e s i r e  
t o  hoard t h e  use less  o r  marginal item, nor does my s t a f f .  We do 
have d i f f i c u l t y  i n  keeping t h i s  most important f a c e t  of our 
bus iness  i n  perspect ive ,  and i n  balance .4 

Noting t h a t  t h e  s i t u a t i o n  had not  improved i n  May 1959, 

General Hinrichs again c a l l e d  a t t e n t i o n  t o  the  adverse inf luence  

of inadequate funding and r e i t e r a t e d  h i s  "vigorous opposi t ion t o  

t h e  numerous requirements placed upon us f o r  immediate responses 

t o  a bewildering v a r i e t y  of reques ts  f o r  da ta  i n  minute d e t a i l . "  

While f u l l y  support ing the  s t a f f  requirement f o r  e s s e n t i a l  da ta  

-- - ~~ - 

4~emo f o r  LTG Car te r  B .  Magruder, DCSLOG, DA, 11 Dec 58, 
sub j : Ordnance Object ives . H i s  t D i v  F i l e  . 



f o r  command dec i s ion  and appropr ia te  accoun tab i l i ty  wi th  r e spec t  

t o  work and resources ,  he questioned the  necess i ty  f o r  t h e  exten- 

s i v e  d e t a i l  being repor ted  t o  higher l e v e l s ,  where t h e  "p r inc ip les  

and ob jec t ives  of t h e  Army Command Management System too seldom 
115 / a r e  known, understood, o r  prac t iced .  

Pol icy Guidance 

I f  t h e  voluminous p r o j e c t  da ta  r e p o r t s  furnished t o  higher 

echelons had produced f i rm and timely pol icy  guidance, they 

perhaps would have been worth t h e  e f f o r t .  Such was not  t h e  case,  

however. For along wi th  the  frequent  paper exe rc i ses  and annual 

funding d e f i c i e n c i e s ,  the  system manager encountered prolonged 

delays  i n  obta in ing f i rm pol icy  guidance i n  some very c r i t i c a l  

t echn ica l  a reas .  I n  some ins tances ,  t h e  l ack  of adequate funds 

d i c t a t e d  t h e  s e l e c t i o n  of t h e  t echn ica l  approach sooner than 

considered des i rab le ,  a s  i n  t h e  case  of t h e  decis ion  i n  Septem- 

be r  1955 t o  drop t h e  p a r a l l e l  guidance s tud ies  and adopt the  

a l l - i n e r t i a l  system. But the  l ack  of f i rm guidance i n  such 

a reas  a s  t h e  SERGEANT warhead and adaption k i t  c l e a r l y  hampered 

p r o j e c t  planning and had a se r ious  impact on the  o v e r a l l  develop- 

ment schedule. 

M r .  S tanley  Bernstein,  the  SERGEANT Pro jec t  Engineer, 'focused 

a t t e n t i o n  on t h e  problem i n  August 1955, when he declared t h a t  t h e  

"main d e t e r r e n t  t o  adequate p r o j e c t  planning is l ack  of informa- 

t ion ."  With re fe rence  t o  s p e c i f i c  "unknowns" i n  t h e  p r o j e c t  a t  

t h a t  time, he wrote: 

Warheads - There has been a m u l t i p l i c i t y  of warhead guidance -- 
a l l  u n o f f i c i a l .  Some CONARC quar t e r s  advocate a smaller  l i g h t e r  
warhead and some i n s i s t  on compat ib i l i ty  wi th  CORPORAL and HONEST 
JOHN. Several  y i e l d  ranges have been s t a t e d ,  d i f f e r i n g  i n  accord- 
ance wi th  t h e  pseudoauthor i ta t ive  agency making the  statements.  

5~emo f o r  LTG Car te r  B .  Magruder, DCSLOG, DA, 29 May 59, 
subj  : Ordnance Object ives.  His t Div F i l e .  



Many views on the  urgency of designing t o  meet a non-special war- 
head c a p a b i l i t y  have been propounded. It is obvious t h a t  t o  da te ,  
t h e r e  i s  not an Army opinion. Yet system design progresses and 
$25,000 a day i s  being spent  on what may be a t o t a l l y  wrong 
approach. 

Accuracy - Extraordinary t echn ica l  e f f o r t s  a r e  being put  
f o r t h  t o  develop a SERGEANT with  a requi red  CPE of 150 yards and 
a des i red  CPE of 100 yards.  Yet many sources wi th in  CONARC, 
AFSWP and S t a f f  f e e l  and have s t a t e d  t h a t  f o r  a SERGEANT type 
weapon anything more s t r i n g e n t  than a 500-1000 yards CPE i s  un- 
j u s t i f i e d .  But t h e  M C ' s  a r e  not  changed and $10,000,000 w i l l  be 
spent  i n  FY 56 on achieving a poss ib ly  unnecessary goal .  

Of course  t h e r e  a r e  o the r  problems. Every p ro jec t  has them. 
But t h e  above problems a r e  a l l  so in tegra ted  t h a t  I s i n c e r e l y  
f e e l  t h a t  t h e  expenditure of development funds i n  [ s i c ]  wanton' 
waste unless  these  quest ions a r e  answered. 6 

For t echn ica l  reasons which w i l l  not  be enumerated here,  t h e  

accuracy requirement was u n o f f i c i a l l y  changed t o  500-1000 yards 

CPE i n  September 1955, thence t o  100-300 yards CPE i n  mid-1956. 

Various o the r  accuracy ob jec t ives  were considered i n  paper 

s tud ies ;  but  f o r  JPL purposes, t h e  SERGEANT design e f f o r t  was 

d i r e c t e d  toward t h e  at tainment of an accuracy no b e t t e r  than 

300 yards .7  I n  Apr i l  1961, t h e  Chief of Ordnance announced t h a t  

t h e  requi red  accuracy was o f f i c i a l l y  changed t o  300 meters; how- 

ever,  formal approval of t h e  change by the  DA S t a f f  was not  

forthcoming u n t i l  13 September 1961-just 2 weeks before  t h e  l a s t  - 

8 
two R&D f l i g h t  t e s t s .  This  delayed a c t i o n  on the  accuracy r e -  

quirement had no appreciable  impact on t h e  program schedule o r  

60f c Memo, SGT Pro j Engr t o  Chf , SSM B r  , RDD, 26 Aug 55, 
subj:  Some Thoughts on the  SGT Proj .  SPCF, Bx 13-813, RHA. 

7 
(1) Ofc Memo, RSA L ~ O / J P L ,  t o  Chf, RDD, RSA, 6 J u l  56, 

subj: Rev of TR #13, & i n c l ,  L t r ,  D i r ,  JPL, t o  CG, RSA, 21 Jun 
56, n . s .  (2) TT, CofOrd t o  CG, RSA, 7 Nov 56. (3) TT, D i r ,  JPL, 
t o  CG,  RSA, 8 Nov 56. A l l  i n  SPCF, Bx 13-813, RHA. 

8(1) TT, CofOrd t o  CG, AOMC, 11 Apr 61. Ci ted  i n  Chronology 
of SGT Msl Sys. (2) 1 s t  Ind, CRD, DA, t o  CofOrd, 13 Sep 61, on 
L t r ,  CG, CONARC, t o  CRD, DA, 8 Aug 61, subj:  Recmd Chs t o  SGT MC's. 
Cited i n  OTCM 37917, 14 Dec 61. RSTC. (For d e t a i l s  r e l a t i n g  t o  
changes i n  the  MC's, see Appendix 11.) 
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t h e  system des ign  e f f o r t .  But t h e  l e t h a r g i c  a c t i o n  a t  DA l e v e l  

on t h e  SERGEANT warhead program had a profound impact on t h e  

warhead and adap t ion  k i t  development schedule  and delayed t h e  

f i n a l i z a t i o n  of c e r t a i n  system test equipment. 
, 

. - 

Redstone Arsena l  r eques t ed  DA approval  of t h e  warhead 

development program i n  February 1956. The d e c i s i o n  f i n a l l y  came 

33 months l a t e r  i n  November 1958, bu t  t h e  M C 1 s  were n o t  formal ly  

approved u n t i l  January  1959. CONARC f i n a l i z e d  t h e  proposed M C 1 s  

f o r  t h e  primary (atomic) warhead and adapt ion  k i t ,  and submit ted 

them i n  A p r i l  1958 f o r  DA S t a f f  coo rd ina t ion  and approval .  There,  

they  were bot t lenecked  i n  a warhead requirements  d i s p u t e  between 

t h e  Deputy Chief of S t a f f  f o r  M i l i t a r y  Operat ions and t h e  Chief 

of  Research & Development; and t h e  Atomic Energy Commission would 

no t  a u t h o r i z e  t h e  development of a warhead u n t i l  r e c e i p t  of an  

approved s e t  of M C 1 s .  The warhead M C 1 s  were f i n a l l y  approved on 

20 January  1959, and approval  of t h e  adapt ion  k i t  M C 1 s  followed 

on 29 January.  Th i s  de l ay  forced  t h e  warhead agencies  t o  work 

a g a i n s t  an  extremely c l o s e  schedule  and l e f t  t h e  system developer  

very  l i t t l e  t ime t o  d e t e c t  and r e s o l v e  i n t e r f a c e  problems and 

f i n a l i z e  t h e  des ign  of a s s o c i a t e d  t e s t  equipment. 9 

Concurrent ly w i t h  approval  of t h e  warhead program i n  

November 1958, t h e  DA S t a f f  s e t  up new development p r i o r i t i e s  

which d i f f e r e d  from those  s t a t e d  i n  t h e  SERGEANT M C 1 s .  The (T53) 

f ragmenta t ion  warhead, which had been accorded second p r i o r i t y  

s i n c e  t h e  beginning of t h e  program, was d e l e t e d  from t h e  l i s t ,  

w i th  no guidance a s  t o  r e v i s i o n  of t h e  M C 1 s  o r  d i s p o s i t i o n  of t h e  

9 
(1) Chronology of SGT GM Sys. (2) ABMA Rept, SGT Lead Time 

Case Study, 9 May 61, pp. 5, 21-22. (3) CAPT Samuel C. Skemp, Jr . ,  
"An Analys is  of t h e  Development of Warhead and Adaption K i t s  f o r  
t h e  Sergeant  M i s s i l e  System," 1 4  Apr 58, p. 10. H i s t  Div F i l e .  
(4) DF, CRD, DA, t o  CofOrd, 29 J a n  59, subj :  Apprd M C 1 s  f o r  an  
AK f o r  t h e  SGT M s l .  C i t ed  i n  OTCM 37046, 2 Apr 59. RSIC. (5) 
Also s e e  below, pp. 112-17. -- 
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e x i s t i n g  development program.10 During a meeting of t h e  SERGEANT 

S t e e r i n g  Committee e a r l y  i n  1959, AOMC r ece ived  informal  informa- 

t i o n  t h a t  t h e  requirement  f o r  development of a f ragmentat ion 

warhead no longer  e x i s t e d .  Asked by AOMC whether o r  n o t  t h e  

requirement  s t a t e d  i n  t h e  M C ' s  was s t i l l  v a l i d ,  OCO r e p l i e d  &n 

16  March t h a t  guidance would be provided when r ece ived  from DA 

S t a f f . l l  On 1 A p r i l  1959, AOMC s e n t  t h e  Chief of Ordnance two 

a l t e r n a t e  warhead development f l i g h t  schedules  (one inc luding  and 

one excluding t h e  T53 warhead), and urged t h a t  o f f i c i a l  guidance 

be  expedited.'' The DA S t a f f  made i t s  d e c i s i o n  a month l a t e r ,  on 

29 A p r i l ,  and it took another  2 weeks f o r  t h e  information t o  r each  

t h e  a c t i o n  agencies .  The Chief of Research & Development advised  

OCO t h a t  members of t h e  DA S t a f f  had decided t h a t  a f ragmentat ion 

warhead c a p a b i l i t y  would n o t  be  r equ i r ed  f o r  t h e  SERGEANT. He 

t h e r e f o r e  d i r e c t e d  t h a t  t h e  requirement  be d e l e t e d  from t h e  M C ' s  

and t h a t  a c t i o n  be  taken t o  t e rmina te  development of t h e  T53 

warhead. I n s t r u c t i o n s  t o  t h i s  e f f e c t  reached AOMC and Pica t inny  
1.3 

Arsenal  on 14 May 1959. 

There were, of course ,  o t h e r  i n s t ances  of delayed po l i cy  

guidance from h ighe r  headquar te rs ,  b u t  those  r e l a t i n g  t o  t h e  

warhead program had by f a r  t h e  g r e a t e s t  impact on t h e  SERGEANT 

development p lans  and schedules .  The program a l s o  s u f f e r e d  from 

b e l a t e d  t e c h n i c a l  d e c i s i o n s  a t  t h e  f i e l d  ope ra t ing  l e v e l .  Some 

of t h e s e  have a l r eady  been mentioned b r i e f l y  and w i l l  be  d e a l t  

w i t h  i n  more d e t a i l  l a t e r .  

"(1) SGT Prog Rept f o r  Nov 58, p. 4.  (2)  TT, CofOrd t o  CG, 
AONC, 19 NOV 58. SPCF, BX 13-826, RI-LA. 

"TT, CG,  AONC, t o  CofOrd, 12 Mar 59; & TT, CofOrd t o  CG, 
AOMC, 16 Mar 59. F i l e  same. 

" ~ t r ,  CG, AONC, t o  CofOrd, 1 Apr 59, subj :  SGT Whd Dev F l t  
Scd, w j i n c l s .  F i l e  same. 

1 3 D ~  C m t  113, CRD, DA, t o  CofOrd, 29 Apr 59, subj :  Whds f o r  
SGT; & TT, CofOrd t o  CG, AOMC, 14  May 59. F i l e  same. 
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Evolution of t h e  SERGEANT Management S t r u c t u r e  

In  a d d i t i o n  t o  the  problems of money and pol icy  guidance, the  

SERGEANT p r o j e c t  was plagued by an assortment of o the r  management 

d i f f i c u l t i e s .  Throughout the  e n t i r e  system development period 

(l955-61), the  r e s p o n s i b i l i t y  f o r  t echn ica l  c o n t r o l  and supervision 

of the  program was ves ted  i n  func t iona l  organiza t ions  which were 

sub jec t  t o  frequent  reorganiza t ions  and mission realignments. 

While these  i n t e r n a l  changes were genera l ly  aimed a t  improving 

mission opera t ions ,  they d is rupted  p r o j e c t  a c t i v i t i e s  and o f t e n  

generated a s  many problems a s  they solved. Aside from c r e a t i n g  

an atmosphere of confusion and f r u s t r a t i o n ,  they invar iably  l e d  

t o  the  l o s s  of key p r o j e c t  personnel,  d i s r u p t i v e  physica l  moves, 

and t h e  d ive r s ion  of personnel from program management t o  concern 

over such i n t e r n a l  mat ters  a s  organizat ion,  d i s t r i b u t i o n  of r e -  

sources,  and d i v i s  ion of r e s p o n s i b i l i t y  . The frequent  turnover 

i n  key personnel r e s u l t e d  i n  d i s c o n t i n u i t i e s  i n  program philosophy 

and i n  the  l o s s  of a s u b s t a n t i a l  investment tn  system know-hov. 

These f a c t o r s ,  together  wi th  the  func t iona l  compartmentalization 

of t echn ica l  personnel,  sometimes l ed  t o  inconsis tent  o r  e r r a t i c  

supervis ion  of the  system con t rac to r s .  Admittedly, throughout 

a l l  of these  upheavals the re  ex i s t ed  p ro jec t  o f f i c e r s  o r i en ted  t o  

the  SERGEANT program; however, they were pr imar i ly  coordinators  

and i n  some cases l i t t l e  more than errand boys. A s  w i l l  be noted 

i n  the  succeeding d iscuss ion,  r e a l  au thor i ty  and con t ro l  remained 

f i rmly  i n  t h e  hands of func t iona l  organiza t ion  c h i e f s  u n t i l  t he  

establishment of t h e  v e r t i c a l l y  d i rec ted  p r o j e c t  manager organi-  

za t ion  in  the  summer of 1962. 

The Redstone Arsenal Era-1954-58 

A s  s t a t e d  e a r l i e r ,  Redstone Arsenal assumed r e s p o n s i b i l i t y  

f o r  t echn ica l  con t ro l  and supervision of t h e  p ro jec t  i n  June 

1954, and t h e  development program began i n  January 1955 wi th  
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M r .  S tanley  Berns te in  of t h e  Ordnance Miss i l e  Laboratories  (Om) 

a s  P ro jec t  Engineer .14 To f u l f i l l  i ts  d i v e r s i f i e d  n a t i o n a l  

missions of research ,  development, production, supply, and main- 

tenance f o r  the  SERGEANT and o t h e r  assigned m i s s i l e  systems, the  

Arsenal  had t o  have the  competence among i t s  own people t o  a i s u r e  

e f f e c t i v e  p ro jec t  d i r e c t i o n  and supervision.  With t h e  bulk of 

t h e  work being done by i n d u s t r i a l  and m i l i t a r y  agencies a t  

d i s t a n t  loca t ions ,  t h i s  not  only requi red  a  s t rong,  c e n t r a l i z e d  

management c o n t r o l  system t o  coordinate  t h e  wide range of a c t i v -  

i t i e s ,  but  a l s o  a  broad in-house s c i e n t i f i c  c a p a b i l i t y  t o  d i r e c t  

and eva lua te  the  con t rac to r s '  e f f o r t s  and assu re  q u a l i t y  r e s u l t s .  

By 1955, t h e  Arsenal had acquired a  complement of technica l  

and p ro fess iona l  personnel and had b u i l t  up a  s i z a b l e  in-house 

resea rch  c a p a b i l i t y .  But the  success achieved i n  developing an 

in teg ra ted  organiza t ion  responsive t o  management c o n t r o l  r equ i re -  

ments was q u i t e  a  d i f f e r e n t  s t o r y .  While some progress had been 

made toward solv ing t h e  longstanding management problems, t h e r e  

were s t i l l  some adminis t ra tors  i n  opera t ing  elements of both OCO 

and Redstone Arsenal who paid only l i p s e r v i c e  t o  the  importance 

of c e n t r a l  program d i r e c t i o n ,  plannin.g, and coordinat ion.  Fur ther  

at tempts t o  bring t h e  s p l i n t e r e d  mission s t r u c t u r e  together  during 

t h e  1955-58 period were countered by s t i f f  opposi t ion from the  

d i v i s i o n  c h i e f s  who resented  s t a f f  con t ro l  of t h e i r  a c t i v i t i e s .  

There was no in teg ra ted  management con t ro l  system and the re fo re  

no machinery f o r  d i r e c t i n g  bas ic  command pol icy  o r  assur ing  

cross-coordinat ion of important program ac t ions  and decis ions .  

Each of the  mission d iv i s ions  (RSLD, I n d u s t r i a l ,  and F i e l d  Service)  

continued t o  opera te  a s  decent ra l ized ,  func t iona l  en te rp r i ses -  

o r ,  a s  MG John B. Medaris l a t e r  sa id ,  " th ree  separa te  empires. 1115 

To compound the  problem, t h e  separa te  and genera l ly  uncoordinated 

14see - above, pp. 31, 36. 

l 5 ~ i n s  of S t f  Mtg il, AOMC Bq, 1 Apr 58, p. 4. His t  Div F i l e .  
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opera t ing  d i v i s i o n s  of OCO c u t  across  e s t ab l i shed  command l i n e s  

and d e a l t  d i r e c t l y  wi th  t h e i r  counterpar ts  a t  Redstone, leaving 

the  Arsenal Commander i n  t h e  unenviable pos i t ion  of having t o  

accept  the  burden of r e s p o n s i b i l i t y  without an opportunity t o  
16 d i r e c t  o r  c o n t r o l  b a s i c  pol icy  decis ions .  / 

When t h e  SERGEANT development program began i n  1955, t h e  

coordinat ion and c o n t r o l  of Arsenal l i a i s o n  personnel s t a t ioned  

a t  con t rac to r  p l a n t s  was being e f fec ted  by Redstone Ordnance 

Off ices  i n  the  var ious  Ordnance D i s t r i c t  headquarters .  The 

Redstone Ordnance Off ice ,  Los Angeles Area (ROO-LAA), located  

a t  M O D  and headed by LTC Cec i l  P. Rice, served a s  a  c e n t r a l  

command o r  c o n t r o l  point  f o r  a l l  l i a i s o n  personnel s t a t ioned  a t  

JPL and o the r  con t rac to r  p l a n t s  i n  t h a t  a rea .  However, i n  the  

absence of a  c e n t r a l i z e d  c o n t r o l  system a t  Redstone Arsenal,  t he  

ROO-LAA and s i m i l a r  o f f i c e s  located  i n  New York and New J e r s e y  

operated under the  s t a f f  supervision (adminis t ra t ion)  of OML, 

with t echn ica l  d i r e c t i o n  and con t ro l  being exercised by a l l  of 
17 

t he  m i s s  ion d iv i s ions .  

Severa l  reorganiza t ions  a f f e c t i n g  the  SERGEANT program 

took place  i n  1955. On 7 February t h e  na t iona l  development and 

s p e c i a l  mission r e s p o n s i b i l i t i e s  f o r  guided miss i l e s ,  rockets ,  

j a t o s ,  and assoc ia ted  equipment were t r ans fe r red  from OML t o  t h e  

newly c rea ted  R&D Division.  The SERGEANT p r o j e c t  s t a f f  was r e -  

assigned t o  the  SSM Branch of t h e  R&D Division,  which a l s o  

assumed r e s p o n s i b i l i t y  f o r  s t a f f  supervision of the  ROO-LAA. 
18 

The l a t t e r ,  however, was d issolved on 1 March 1955, following a 

b i t t e r  func t iona l  d i spu te  wi th  M O D .  With the  establishment of 

'%or a complete h i s t o r y  of Redstone's management problems, 
see  Mary T. Cagle & Elva W .  McLin, His tory  of the  Improved (M50) - 
HONEST JOHN Rocket System, 1954-1965 (MICOM, 23 Aug 65), pp. 2-36. 

1 7 ~ ~ ~  Org Manual, Sec 500, 1954-55. H i s t  Div F i l e .  

1 8 ~ ~ ~  GO 25, 16 Feb 55. 
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t h e  new Redstone Resident Ordnance Engineer concept of opera t ion ,  

most of t h e  ROO-LAA funct ions  were t r a n s f e r r e d  t o  M O D ,  along 

wi th  a propor t ionate  sha re  of t h e  personnel.  The few remaining 

RhD and I n d u s t r i a l  r ep resen ta t ives  were a t tached t o  LAOD f o r  

admin i s t r a t ive  purposes bu t  continued under the  t echn ica l  con t ro l  

of t h e i r  parent  d i v i s i o n s  a t  ~ e d s t 0 n e . l ~  LTC Cec i l  P. Rice 

became t h e  Redstone Lia ison Of f i ce r  wi th  duty s t a t i o n  a t  M O D ,  

and continued t o  occupy t h a t  pos t  u n t i l  J u l y  1955 when he was 

replaced by M A J  Wells H. Gibbs. I n  August 1955, Major ~ i b b s '  

duty s t a t i o n  was moved from LAOD t o  JPL, leaving only the  

c i v i l i a n  Ordnance engineers i n  D i s t r i c t  headquarters .  20 Back a t  

~ e d s t o n e  Arsenal,  t h e  R&D Division and OML were merged on 19 

October 1955 and designated a s  t h e  R&D Division-OML (RDD-OML). 2 1 

The c r e a t i o n  of t h e  Army B a l l i s t i c  Miss i l e  Agency (ABMA) a t  

Reds tone Arsenal on 1 February 1 9 5 6 ~ ~  had a s i g n i f i c a n t  impact on 

t h e  SERGEANT and o the r  mission programs a t  both Redstone and JPL. 

The Guided Missile Development Division of OML, headed by D r .  

Wernher von Braun, was t r a n s f e r r e d  t o  ABMA, along with 1,500 per-  

sonnel and personnel spaces. Aside from t h i s  d i r e c t  l o s s ,  which 

included 500 top s c i e n t i s t s  and engineers,  the re  was a continuing 

personnel turnover i n  a l l  of Redstone's rocket  and m i s s i l e  prog- 

rams, a s  t echn ica l  and profess ional  personnel were exposed , t o  

"(1) RSA GO 31, 3 Mar 55. (2) The Ordnance D i s t r i c t s  oper- 
a t e d  under supervision and d i r e c t i o n  of OCO, with r e s p o n s i b i l i t y  
f o r  c o n t r a c t  nego t i a t ion  and adminis t ra t ion .  For d e t a i l s  r e l a t i n g  
t o  t h e  func t iona l  d i spu te  and realignment of t h e  f i e l d  l i a i s o n  
s t r u c t u r e ,  see Cagle 6: McLin, op. c i t . ,  pp. 29-33. 

2 0 ( ~ )  DA SO 89, 5 May 55. (2) RSA Offs '  Rosters ,  31 Mar 55, 
31 J u l  55, & 31 Aug 55. (3) Also -- - see  RSA Off Dy Card F i l e .  

2 1 ~ ~ ~  GO 132, 7 Nov 55. 

2 2 ~ ~  General Order 68, 22 December 1955, e s t ab l i shed  ABMA 
a s  a Class I1 A c t i v i t y  under j u r i s d i c t i o n  of OCO. The Agency 
Commander, FIG John B. Medaris, was granted ext raordinary  power 
and a u t h o r i t y  t o  expedi te  development of the  top-p r io r i ty  
JUPITER Intermediate Range Ba l l  i s  t i c  Miss i l e  (IREM) sys tem. 
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t h e  appeal  of more a t t r a c t i v e  job o p p o r t u n i t i e s  i n  h igher  paying 

o r  more glamorous m i s s i l e  and space  p r o j e c t s .  Out on t h e  West 

Coast,  LAOD h i r e d  16 a d d i t i o n a l  personnel  t o  exped i t e  ABMA a c t i v -  

i t ies;  and Major Gibbs assumed t h e  dua l  r o l e  of r ep resen t ing  both 

Redstone Arsenal  and ABMA a t  JPL, whose involvement i n  t h e  IRBM 

and space programs was sharp ly  increased.  2 3 

U n t i l  t h e  r eo rgan iza t ion  of March 1958, t h e  SERGEANT p r o j e c t  

remained under t h e  t e c h n i c a l  superv is ion  and c o n t r o l  of RDD-OML, 

w i t h  M r .  A lbe r t  H. Bryan, Jr., as chief  of t h e  SSM Branch; M r .  

S t an ley  Berns t e in  a s  t h e  P r o j e c t  D i rec to r ;  and CAPT Arthur  Q. 

Woodward, Jr., and M r .  Edmond D.  Messer as P r o j e c t  Engineers.  2 4 

The I n d u s t r i a l  D iv i s ion  p r o j e c t  s t a f f  included Messrs. E.  C. 

Roberts  and John ~ a l h o u n .  25 Major Gibbs was promoted t o  

l i e u t e n a n t  co lonel  i n  August 1956 and continued t o  s e r v e  as 

t h e  Redstone L ia i son  Of f i ce r  a t  JPL u n t i l  September 1957, when 

LTC Kenneth 0. Reed took over t h e  pos t .  26 I n  t h e  absence of a 

l i a i s o n  o f f i c e  a t  SUEL, t h e  Arsenal  p r o j e c t  s t a f f  monitored 

t h e  a c t i v i t i e s  t h e r e  through r e g u l a r  temporary duty v i s i t s  and 

con tac t s  w i th  M r .  P e t e r  J .  Harlan, JPL's r e s i d e n t  engineer .  2 7 

2 3 
(1) MFR, S tan ley  Berns te in ,  SGT Pro j  Engr, subj :  Rept of 

FONECON [with M A J  W. H. Gibbs r e  ABMA Actvs on West Coas t ] . .  SPCF, 
Bx 13-813, RHA. (2) H i s t  of ABMA, 1 Feb - 30 J u n  56, pp. 5-6. 
(3) H i s t  of Redstone Arsenal ,  1 J a n  - 30 Jun  56, Vol 11, p. 121. 
(4) RSA GO 15, 31  J a n  56. (5) RSA Unnumbered Memo, 10 Jan 56, 
subj :  Civ S t a f f i n g  of t h e  ABMA. 

24(1) Intvw, Mary T. Cagle wi th  Edmond D. Messer, 9-10 Oct 
69. M r .  Messer was a member of t h e  SERGEANT p r o j e c t  s t a f f  from 
1954 t o  1962. He i s  c u r r e n t l y  ass igned t o  t h e  SAFEGUARD System 
Command. (2) The RDD-OML was r e c o n s t i t u t e d  a s  s e p a r a t e  mission 
elements on 3 March 1958 (RSA GO 18, 4 Mar 58) and both  were 
t r a n s f e r r e d  i n t a c t  t o  t h e  newly a c t i v a t e d  ARGMA on 1 A p r i l  1958. 

25~n tvw,  Mary T. Cagle wi th  E. C .  Roberts,  Chf, Sys Engrg 
Div, SGT Pro j  Ofc, MICOM, 9-10 Oct 69. 

26(1) DA SO 161, 13 Aug 56. (2) RSA Offs '  Roster ,  30 Sep 57. 
27 

Intvw, Mary T. Cagle wi th  Edmond D.  Messer, 10 Oct 69. 



The AOMC/ARGMA Era-1958-60 

On 3 1  March 1958, t h e  S e c r e t a r y  of t h e  Army c r e a t e d  t h e  Army 

Ordnance M i s s i l e  Command (AOMC) a t  Redstone Arsena l  and appointed 

as i t s  head MG John B. Medaris.  Placed under General  Medaris '  

d i r e c t  c o n t r o l  were ABMA, JPL, White Sands Proving Ground, 

Redstone Arsena l ,  and t h e  Army Rocket & Guided M i s s i l e  Agency 

(ARGMA). O f f i c i a l l y  e s t a b l i s h e d  on 1 A p r i l  1958, ARGMA assumed 

r e s p o n s i b i l i t y  f o r  t h e  SERGEANT program and o t h e r  t e c h n i c a l  m i s -  

s i o n s  formerly ass igned  t o  Redstone Arsenal ,  l e av ing  t h e  l a t t e r  
2 8  

w i t h  pos t  suppor t  func t ions  . The i n t e g r a t i o n  of primary 

r e sea rch ,  development, t e s t ,  and l o g i s t i c a l  suppor t  i n s t a l l a t i o n s  

under s i n g l e  d i r e c t i o n ,  t oge the r  w i th  t h e  a d m i n i s t r a t i v e  stream- . . 

l i n i n g ,  provided t h e  means t o  c a r r y  ou t  more e f f e c t i v e l y  t h e  

e x i s t i n g  and f u t u r e  Army m i s s i l e  programs. The u n i t y  of command 

t h a t  Redstone Arsena l  had never been a b l e  t o  ach ieve  became a 

r e a l i t y  under t h e  new AOMC s t r u c t u r e ;  however, primary respons i -  

b i l i t i e s  f o r  t h e  conduct of weapon system programs remained i n  

t h e  hands of t h e  ope ra t ing  d i v i s i o n s .  

One of t h e  f i r s t  o f f i c i a l  a c t i o n s  taken by BG John G.  Sh inkle ,  

t h e  ARGMA Commander, was t h e  formation of a  c e n t r a l i z e d  management 

c o n t r o l  system t o  be adminis te red  by t h e  Agency Cont ro l  Of f i ce .  

A s i g n i f i c a n t  p a r t  of t h e  r e s p o n s i b i l i t y  and a u t h o r i t y  de l ega ted  

t o  t h i s  s t a f f  element concerned a c t i v i t i e s  of l i a i s o n  personnel  

s t a t i o n e d  a t  c o n t r a c t o r s '  p l a n t s  and Government i n s t a l l a t i o n s .  

E f f e c t i v e  w i t h  t h e  p o l i c y  d i r e c t i v e  i ssued  i n  l a t e  J u n e  1958, a l l  

Agency l i a i s o n  personnel  were appointed by t h e  Agency Commander 

and ass igned  t o  t h e  Cont ro l  Of f i ce .  Personnel l oca t ed  a t  t h e  

r e s p e c t i v e  p l a n t s  and i n s t a l l a t i o n s  were placed under t h e  d i r e c t  

command of a  Senior  ARGMA Represen ta t ive  (SXR) who opera ted  under,  

and r e p o r t e d  t o  t h e  Chief ,  Cont ro l  Of f i ce .  I n  ca r ry ing  ou t  h i s  

28(1) DA GO 12, 28 Mar 58. (2)  OrdC Order 16-58, 31  Mar 58. 
(3) AOHC GO 6, 1 Apr 58. 

7 8  



CttCLPT 2 
USAOMC CHAIN OF COMMAND 
March 1958 - July 1962 SECRETARY ADVANCEDRESEARCH 

PROJECTS AGENCY 
OF DEFENSE 

SECRETASY OF ARMY ARMY MISSILE 
,---------------------------------------------------- 
I CHIEF OF STAFF COMMITTEE 
8 I 

DEPUTY CHIEF OF STAFF 

FOR LOGISTICS 

CHIEF OF RESEARCH 

AND DEVELOPMENT 

1110 DEVELOPMENT PRCGRAU 

DlRECT ACCESS ON AXSIGNED 
I SPECIAL PRlORlTV WOJECTS 1 U.S. ARMY ORDNANCE 
,-------------------------------------------------- MISSILE COMMAND 

DIRECT ACCESS /. 
/' '. 

/ 
/ 

DIRECTION OF OEVELOFUENT ON 
ASSIGNEO S F ~ C I A L  PRIORITY PROJECT$ 



ass igned func t ions ,  t h e  SXR would s e r v e  as s e n i o r  spokesman and 

con tac t  between ARGMA and t h e  c o n t r a c t o r .  Mat te rs  r e l a t i n g  t o  

t h e  formula t ion  of new po l i cy  o r  r e s o l u t i o n  of pol icy  c o n f l i c t  

would b e  handled through t h e  Control  Of f i ce  f o r  a coordinated 
,- 

Agency dec i s ion .  Other ma t t e r s  could be reso lved  d i r e c t l y  wi th  

t h e  m i s s  ion  d i v i s  ion involved. 
29 

The new po l i cy  was implemented i n  August 1958. 1LT James 

C. Samples of t h e  F i e l d  Se rv ice  Divis ion  and M r .  Ray J .  Fa r i son  

and o t h e r  I n d u s t r i a l  Div is ion  personnel  ass igned t o  t h e  new SUEL 

f i e l d  o f f i c e  s i n c e  A p r i l  1958 were a l l  t r a n s f e r r e d  from t h e i r  

pa ren t  d i v i s i o n s  t o  t h e  Cont ro l  Off ice .  Lieutenant  Samples 

served a s  t h e  Acting SXR a t  SUEL u n t i l  15  June  1959, when LTC 

Paul  J. Daig le  took over a s  t h e  s X R . ~ '  The f i e l d  l i a i s o n  s t r u c -  

t u r e  i n  t h e  Los Angeles a r e a  was a l s o  changed. On 7 August 1958, 

t h e  Redstone Arsenal  (ARGMA) L ia i son  Off i c e  a t  JPL, headed by 

LTC Kenneth 0. Reed, was t r a n s f e r r e d  from ARGMA t o  AOMC, redes-  

igna ted  a s  t h e  AOMC L ia i son  Off ice ,  JPL, and placed under s t a f f  

supe rv i s ion  of t h e  new AOMC West Coast F i e l d  Off i c e  loca ted  a t  

LAOD . 31 Eleven months l a t e r ,  i n  September 1959, t h e  AOMC West 

Coast F i e l d  Of f i ce  assumed t h e  funct ions  of t h e  L ia i son  Off ice ,  

JPL, which was closed.  3 2 

I n  another  ac t ion '  t o  improve i n t e r n a l  program c o n t r o l  and 

29ARGMA C i r  7 ( l a t e r  renumbered 600-I), 28 Jun 58. For f u l l  
t e x t  of t h i s  d i r e c t i v e  and d e t a i l s  on o t h e r  a spec t s  of t h e  new 
c o n t r o l  system, see ARGMA H i s t  Sum, 1 Apr - 30 Jun  58, pp. 32-46, 
142-43 

30(1) ARGMA SO 84, 1958; SO 116, 1959. (2) L t r ,  ARGIlA Comdr 
t o  Act SXR, SUEL, 25 Sep 58, subj :  ARGNA Ln Pers  a t  Contr P lan t s  
& Govt I n s t l s ;  & L t r ,  same t o  same, 24 Feb 59, subj :  RDD Resps & 
Auths Asgd t o  t h e  SXR, SUEL. SPCF, Bx 13-826, RHA. 

31(1) AOMC GO 42, 18 Aug 58. (2) SS ORDXM-CM-74, 18 J u l  58, 
subj :  Org of t h e  West Coast F ld  Ofc, w/ inc l ,  L t r ,  CG, AONC, t o  Chf, 
AOMC Ln Ofc, JPL, 7 Aug 58, subj :  Es tb  of AOMC Ln Ofc a t  JPL. H i s t  
Div F i l e .  

3 2 ~ ~ ~ ~  GO 69, 22 Sep 5 9 .  
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coord ina t ion ,  t h e  ARGMA Commander, i n  September 1958, des  igna ted  

t h e  R&D Div i s ion  a s  t h e  d i v i s i o n  of primary r e s p o n s i b i l i t y  f o r  

t h e  SERGEANT p r o j e c t  and t h e  fol lowing personnel  a s  SERGEANT 

c o n t a c t s  w i t h i n  t h e  Agency: M r .  W. F. McCartney, Cont ro l  Of£ice; 

M r .  S t an l ey  Berns t e in ,  R&D Divis ion;  M r .  E. C. Roberts ,  I n d u s t r i a l  

Div is ion;  and 1LT James M. Jackson,  F i e l d  Se rv i ce  Div is ion .  
3  3 

MAJ Lloyd W.  Conner r ep l aced  M r .  Be rns t e in  a s  P r o j e c t  D i r e c t o r  

and c o n t a c t  p o i n t  i n  t h e  R&D Divis ion  on 1 December 1958, when 

he  became c h i e f  of t h e  SERGEANT Sec t ion ,  Land Combat Branch, 

P r o j e c t s  Management S t a f f ,  R&D Div is ion .  3  4 

Primary weapon system r e s p o n s i b i l i t y  s h i f t e d  from t h e  R&D 

Div i s ion  t o  t h e  I n d u s t r i a l  D iv i s ion  on 1 J u l y  1959, fo l lowing  a  - 
f i e r y  d i s p u t e  over  t h e  so -ca l l ed  "El' point35 on t h e  SERGEANT wea- 

pon iza t ion  schedule.  Colonel C o l l i n s ,  Major Conner, and o t h e r  

members of t h e  R&D Div i s ion  argued t h a t  t h e  1 J u l y  "El' d a t e  was 

incompatible  w i t h  t h e  development program and should be  changed t o  

30 September 1959 t o  co inc ide  w i t h  t h e  scheduled i n t e r i m  r e l e a s e  

t o  i n d u s t r i a l .  They f e l t  t h a t  a  h igh  r i s k  would be involved even 

f o r  t h e  30 September d a t e ,  s i n c e  t h e  f i r s t  Engineering Model 

f l i g h t  t e s t s  would n o t  be  conducted u n t i l  a f t e r  t h a t  time.36 COL 

H. H. Wishart ,  c h i e f  of t h e  I n d u s t r i a l  Div is ion ,  and M r .  W. F. 

McCartney of t h e  Cont ro l  Of f i ce  took t h e  p o s i t i o n  t h a t  t h e  

33ARGMA C i r  16, 19 Sep 58, subj :  Sys P ro j  Resp ( l a t e r  renum- 
bered 1-2).  

34(1) ARGMA SO 3 ,  1959. (2)  Those in t h e  cha in  of command 
above t h e  SERGEANT Sec t ion  were LTC Wells R.  Gibbs, Land Combat 
Branch; M r .  Harry F. Vincent ,  P r o j e c t s  Management S t a f f ;  and 
COL Matthew R. C o l l i n s ,  Jr. ,  ch ie f  of t h e  R&D Divis ion .  

35AR~MA C i r c u l a r  1-2, 4  June  1959, de f ined  t h e  "E" p o i n t  a s  
t h a t  p o i n t  i n  t ime when Engineering Order (EO) c o n t r o l  is  t r a n s -  
f e r r e d  from t h e  l&D Div is ion  t o  t h e  I n d u s t r i a l  Div is ion ,  and t h e  
d a t e  a f t e r  which no Engineering Change Orders (ECO's) a r e  w r i t t e n  
t h a t  w i l l  a f f e c t  t h e  f i r s t  i n d u s t r i a l  d e l i v e r y .  

3 6 ~ ~  C m t  iil, Chf, RDD, t o  ARGMA Comdr, 24 Feb 59, s u b j  : SGT 
"E" Date S t f  Study, w / inc l .  SPCF, Bx 13-826, RHA. 
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proposed 30 September d a t e  would not  allow adequate con t ro l  over 

changes a f  f  e c t  ing t h e  f i r s t  i n d u s t r i a l  hardware d e l i v e r i e s  which 

were scheduled t o  begin i n  January 1960. They i n s i s t e d  t h a t  t h e  

6 months' EO c o n t r o l  provided by t h e  1 July  d a t e  was absolute ly  

e s sen t i a l .37  General Shinkle ru led  i n  favor of the  l a t t e r  v?ew 

on t h e  grounds t h a t  t h e  I n d u s t r i a l  Division was responsib le  f o r  

production d e l i v e r i e s  and consequently the  scheduling of changes 

t o  those items. 
3 8 

A s  f a r  a s  the  con t rac to r s  were concerned, t h e  "E" poin t  

was of no s i g n i f i c a n c e  except t h a t  SUEL was requi red  t o  add an 

est imated c o s t  t o  EO reques ts .  The E O ' s  cos t ing  more than 

$50,000 o r  a f f e c t i n g  system M C ' s ,  s a f e t y ,  in t e rchangeab i l i ty  o r  
. - 

performance had t o  be coordinated wi th  JPL and approved by ARGMA. 

The R&D Divis ion  warned t h a t  SUEL, under these  guidel ines ,  could 

redesign t h e  e n t i r e  system piece  by p iece  without E D  o r  JPL 

concurrence, a s  long a s  they (SUEL) kept  t h e  c o s t  below $50,000 

and took the  p o s i t i o n  t h a t  t h e  change would not  a f f e c t  the  sys- 

tem PC's, e t c .  Moreover, t h e  incorporat ion of changes considered 

e s s e n t i a l  by JPL would be delayed, and t h e r e  was t h e  p o s s i b i l i t y  

3 7 ~ ~  C m t  # I ,  Chf, I D ,  t o  Chf, RDD, 19 Feb 59, subj:  Non- 
concurrence wi th  SGT S t f  Study. SPCF, Bx 13-826, RHA. 

38(1) DF C m t  Q2, ARGMA Comdr t o  Chf, RDD, n.d. ( c i r c a  17 Mar 
59), subj:  SGT "El' Date S t f  Study. SPCF, Bx 13-826, RHA. (2) On 
31 March 1959, following t h e  Commander's decis ion ,  the  R&D Divi- 
s ion  received a copy of a  Control  Off i c e  memora.ndum ( W R ,  W .  F. 
McCartney, 16 Mar 59, subj  : P t  "E" i n  SGT Program) which indica ted  
t h a t  R&D and I n d u s t r i a l  r ep resen ta t ives  had "unanimously" agreed 
t o  the  1 J u l y  "E" poin t  during a meeting held on 9 March. M r .  
William A. Huff of t h e  SERGEANT Sect ion  angr i ly  r e p l i e d  t h a t  both 
he and Major Conner had non-concurred i n  the  Ju ly  d a t e  and t h a t  
M r .  McCartney had promised t o  so  i n d i c a t e  i n  t h e  record of the  
meeting. Although it  was now too l a t e  t o  change t h e  ~ e n e r a l ' s  
decis ion ,  M r .  Huff i n s i s t e d  t h a t  " t h i s  matter  of d e l i b e r a t e  
unt ru thfulness"  should be brought t o  t h e  a t t e n t i o n  of the  Chief,  
Control Office.  DF, W e  A .  Buff, SGT Scc, LCB, FW, t h r u C h f ,  PMS, 
t o  Chf, RDD, 2  Apr 59, subj :  MFR Subj : Pt  "E" i n  SGT Program dated 
16 Mar 59 by W .  F. McCartney. SPCF, Bx 13-826, RHA. 
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t h a t  some of  them might n o t - b e  implemented a t  These warn- 

ings  were n o t  heeded, however, and t h e  premature t r a n s f e r  of EO 

c o n t r o l  s t a r t e d  t h e  I n d u s t r i a l  D iv i s ion  on t h e  road t o  cont inued 

development under t h e  g u i s e  of product improvement. 
, 

I n  t h e  f a c e  of unsolved t e c h n i c a l  problems and cont inued 

program de lays  e a r l y  i n  1960, ARGMA beefed up i t s  SERGEANT 

p r o j e c t  s t a f f  t o  head o f f  any f u r t h e r  s l i ppages .  By 1 J u l y  

1960-the d a t e  of JPL 's  phaseout from t h e  program-the c i v i l i a n  

p r o j e c t  s t a f f  had increased  from 110 t o  154, t h e  personnel  a l l o -  

c a t e d  t o  t h e  t h r e e  mission d i v i s i o n s  being increased  from 96 t o  

133 and t h e  Cont ro l  O f f i c e  s t a f f  from 1 4  t o  21. 40 The ARGMA 

Commander a l s o  r e a l i g n e d  t h e  i n t e r n a l  commodity management 

s t r u c t u r e  t o  s t r eng then  h i s  c o n t r o l  over  n a t i o n a l  mission 

programs and t o  improve t h e  working r e l a t i o n s h i p  among t h e  

o p e r a t  ing d i v i s  ions .  In s t ead  of a s s ign ing  bas i c  weapon sys  tem 

r e s p o n s i b i l i t y  t o  t h e  d i v i s i o n  of primary i n t e r e s t ,  he des igna ted  

t h e  SERGEANT c o n t a c t s  i n  each d i v i s i o n  as members of t h e  SERGEANT 

Commodity Coordinat ion Team, w i t h  M r .  W. F. McCartney of t h e  
41  Cont ro l  Of f i ce  a s  chairman. The b e n e f i t s  of t h e s e  managerial  

improvements, however, were l a r g e l y  n u l l  i f  i ed  by t h e  AOMC m i s s  ion  

real ignment  of 1 August 1960 and t h e  t r a n s f e r  of commodity manage- 
4 2 ment r e s p o n s i b i l i t y  f o r  t h e  SERGEANT from ARGMA t o  B M A .  . 

3 9 ~ ~  C m t  111, Chf, RDD, t o  Chf, I D ,  30 J u n  59, subj :  SGT 
In t e r im  EO Procedure. SPCF, Bx 13-826, RHA. 

4 0 ~ e p t ,  ARGMA Civ Mpr Alocd by Msl Sys, 31  Mar 60 & 30 Jun  
60. H i s t  Div F i l e .  

41(1) ARGMA H i s t  Sum, 1 J a n  - 30 J u n  60, pp. 15-1.9. (2)  
A R N  C i r  1-2, r e v  12 May 60, sub j :  Agcy Cmdty Coord, w / inc l .  
(3)  Major Conner and Mr. Roberts  cont inued t o  r e p r e s e n t  t h e i r  
r e s p e c t i v e  d i v i s i o n s  (R&D and I n d u s t r i a l )  on t h e  team, bu t  
t h e r e  were new assignments i n  o t h e r  a r eas .  Mr. R. W. P i s a n i  
r ep l aced  M r .  McCartney as team chairman, i n  June  1960; and t h e  
F i e l d  Se rv i ce  member changed twice-from 1LT James PI. Jackson t o  
M r .  H. T. Nagle, thence t o  CAPT H. W. Strohm. - See I n c l  t o  ARGMA 
C i r  1-2, 12 May 60, & L i s t  of SGT P r o j  Offs ,  30 Jun 60. 

4 2 ~ ~ i i i ~  GO 59, 27 J u l  60. 



The AOMC~ABMA Era-1960-61 

The reorganized Army B a l l i s t i c  Miss i l e  comanded 

by BG Richard M. Hurst ,  i n h e r i t e d  t h e  SERGEANT p r o j e c t  a t  a  very 

c r i t i c a i  time i n  i t s  h i s to ry .  JPL had j u s t  been phaskd ou t  of the  

program; SUEL had assumed complete weapon system r e s p o n s i b i l i t y  

without adequate s t a f f  and f a c i l i t i e s  t o  meet i t s  commitments; 

and problems r e s u l t i n g  from t h e  premature t r a n s f e r  of EO con t ro l  

were beginning t o  snowball, a s  t h e  poor r e s u l t s  of Engineering 

Model f i r i n g s  l e d  t o  t h e  suspension of t e s t s ,  a  hos t  of design 

changes, and i n t e r f  erence wi th  t h e  production schedule.44 Added 

t o  a l l  of t h i s  was t h e  d i s rup t ion  r e s u l t i n g  from t h e  physica l  

move of t h e  p r o j e c t  s t a f f  and t h e i r  in t eg ra t ion  i n t o  t h e  new 

organiza t ion  which included some old  ABMA adminis t ra tors  who were 

accustomed t o  opera t ing  under t h e  s p e c i a l  powers formerly granted 

t o  General Medaris f o r  prosecution of t h e  top-p r io r i ty  IRBM 

program. 
45 

430n 1 J u l y  1960, ABMA's space missions, including some 
4,000 personnel and $100 mi l l ion  worth of f a c i l i t i e s ,  r e a l  e s t a t e ,  
and equipment, were t r a n s f e r r e d  t o  NASA's George C. Marshall Space 
F l i g h t  Center a t  Redstone Arsenal,  leaving t h e  Agency wi th  only 
two major m i s s i l e  programs: t h e  JUPITER and PERSHING. To over- 
come t h e  consequent mission imbalance between ARGMA and ABPIA, t h e  
l a t t e r ,  on 1 August 1960, assumed commodity management responsi-  
b i l i t y  f o r  t h e  SERGEANT and seven o the r  weapon systems. Trans- 
f e r r e d  wi th  these  p r o j e c t s  were 328 c i v i l i a n  and 26 m i l i t a r y  
personnel.  (1) ARGMA His t  Sum, 1 J u l  - 31 Dec 60, pp. 9-12. (2) 
ABMA H i s t  Sum, 1 J u l  - 31 Dec 60, pp. 15-16. 

441bid., - pp . 143-44. 

4 5 ~ o r  example, General Medaris had been given broad a u t h o r i t y  
t o  d e v i a t e  from Army Procurement Regulations and Armed Services  
Procurement Regulations. This  meant, i n  effecL, t h a t  he could 
execute procurement ac t ions  f o r  suppl ies ,  se rv ices ,  and equipment 
without p r i o r  approval of a  Determination & Findings by higher 
a u t h o r i t y  a s  requi red  under the  law f o r  o ther  programs. For a  
d e t a i l e d  account of these  and o the r  s p e c i a l  powers, see ABMA His t  
Monograph No. 3 ,  Specia l  Powzrs Delegated t o  the  Commanding General 
of t h e  Army B a l l i s t i c  Pf iss i le  Agency, 1 February 1956 - 3 i  March 
1958 (ABMA ~ i s t  Div, Feb 1961). - 
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Although most of t h e  key personnel t r a n s f e r r e d  wi th  t h e  

p r o j e c t ,  t h e r e  w e r e  some l o s s e s  i n  experienced manpower and those 

who remained had a d i f f i c u l t  t i m e  ad jus t ing  t o  t h e  new environment 

and o r i e n t i n g  t h e i r  new ABMA a s s o c i a t e s  on standard procurement 
46 

a u t h o r i t y  and procedures. To complicate matters ,  t h e  ABMAMA- in-  

d u s t r i a l  engineers,  i n  t h e i r  z e a l  t o  improve system performance, 

scrapped t h e  weapon system designed by JPL and ARGMA, and placed 

it  back i n  R & D . ~ ~  The r e s u l t a n t  r a s h  of engineering changes had 

a profound impact on t h e  weaponization schedule and generated 

considerable  f r i c t i o n  between R&D and I n d u s t r i a l  Operations, wi th  

General Hurst o f t e n  being c a l l e d  upon t o  s e t t l e  d isputes .  48 

Under ABMA, a s  under ARGMA, t h e  management s t r u c t u r e  was 

organized along broad func t iona l  l i n e s  wi th  major program ., . 

r e s p o n s i b i l i t i e s  s p l i n t e r e d  among t h e  opera t ing  elements. I n  

both R&D and I n d u s t r i a l  Operations, t h e  p r o j e c t  was an i n t e g r a l  

46 
Intvw, Mary T. Cagle wi th  Paul R. C o l l i e r ,  Act Chf, Program 

Kgt Ofc, SGT Proj  Gfc, MICGM, 13 Oct 69. 
47 

Intvw, Mary T. Cagle wi th  E. C .  Roberts,  Chf, Sys Engrg Div, 
SGT Proj  Ofc, MICOM, 23 Oct 69. 

480ne such d i s p u t e  concerned t h e  Neidhart suspension sys  tem 
developed and t e s t e d  by JPL and favored by R&D Operations, and the  
t o r s i o n  bar  system proposed a s  a s u b s t i t u t e  by t h e  Ordnance Tank- 
Automotive Command and favored by I n d u s t r i a l  Operations. I n  June 
1961 ( j u s t  3 months before  t h e  l a s t  R&D f i r i n g  and 12 months before  
t h e  Ordnance Readiness Date),  General Hurst decided i n  favor of t h e  
l a t t e r ,  wi th  t h e  r e s u l t a n t  obsolescence of some 5,500 drawings t h a t  
had t o  be replaced under pressure  of an extremely t i g h t  schedule. 
Upon hearing of t h i s  decis ion ,  M r .  E .  F. Neidhart of the  General 
T i r e  & Rubber Company began harassing ABMA employees wi th  telephone 
c a l l s  and attempted t o  g e t  the  decis ion  reversed through a Congres- 
s i o n a l  inves t iga t ion .  (1) I b i d .  (2) DF, Edmond D. Messer, SGT 
Wpn Sys Mgr, RDO, t o  Chf, RDO, 22 Auz 61, subj: SGT Trans. (3) 
L t r ,  CG, AOi.iC, t o  ABhIA Comdr, 9 Aug 61, subj:  same; & 1 s t  Ind, 
ABMA Comdr t o  CG, AONC, 30 Aug 61. (4) MFR, Edmond D. Messer, 13 
J u l  61, subj:  Te l  C a l l  f r  YE. Ne.idhart of General T i r e  & Rubber 
Co., Akron, Ohio. (5) DF, J .  A. Rethay, RDO, th ru  Con Ofc, t o  
ABMA Comdr, 6 Oct 61, subj:  Neidhart Suspension sys.. A l l  i n  SPCF, 
BX 13-825, Rlt4. 



p a r t  of t h e  J U P ~ E R - R E D S T O N E - C O R P O R A L - S E R G ~  Pro jec t  Office. 

Except f o r  t h e  l o s s  of M A J  Lloyd W. Conner, who was reassigned 

t o  t h e  ABMA Control  Office,  t h e  R&D p r o j e c t  s t a f f  was e s s e n t i a l l y  

unchanged. However, i n  I n d u s t r i a l  Operations, M r .  E. C .  Roberts,  

who had been wi th  t h e  i n d u s t r i a l  program s i n c e  i t s  inception,  

was removed from h i s  pos t  a s  p r o j e c t  d i r e c t o r  and reassigned t o  

var ious  s t a f f  pos i t ions  having no d i r e c t  connection wi th  t h e  

SERGEANT. M r .  John T. Calhoun, who had served a s  M r .  Roberts '  

deputy a t  ARGMA, remained wi th  t h e  p r o j e c t  a s  d id  severa l  o the r  

ARGMA people. But t h e  pos t  of p r o j e c t  o f f i c e r  was held by 

WPT John J. Su l l ivan  who joined t h e  Agency from an overseas 

assignment i n  September 1960. The key SERGEANT coordinator  

i n  F i e l d  Service  Operations was CAPT T. C.  Davis. Early i n  

1961, MAJ Richard W.  Brunson replaced LTC Paul J. Daigle a s  t h e  

Senior  ABMA Representa t ive  a t  SUEL. 
49 

On 10 November 1961-some 2 months a f t e r  completion of t h e  

trouble-r idden R&D t e s t  program-the ABMA Comnander appointed 

COL John E. Aber a s  the  SERGEANT Weapon System Direc tor  and 

delegated him f u l l  r e s p o n s i b i l i t y  and a u t h o r i t y  f o r  a l l  a spec t s  

of system management, including t h e  d i r e c t i o n  and coordinat ion 

of p r o j e c t  a c t i v i t i e s  assigned t o  and performed by t h e  n a t i o n a l  

mission operations.50 J u s t  30 days l a t e r ,  on 11 December 1961, 

t h e  p r o j e c t  was d is rupted  by another  major reorganiza t ion ,  i n  

which ABMA and ARGMA were abolished a s  separa te  agencies and 

t h e i r  funct ions  merged wi th  AOMC headquarters .  5 1 

49(1) Intvw, Mar). T. Cagle with E. C .  Roberts,  Chf, Sys Engrg 
Div, SGT Proj  Ofc, MICON, 23 Oct 69. (2) Intm.7, Mary T. Cagle 
wi th  Edinond D. Messer, 24 Oct 69. (3) ABMA H i s t  Sum, 1 J u l  - 31 
Dcc 60, pp. 30-31. (4) FSO Wpn Sys Coord Chart ,  16 Mar 61. (5) 
AOMC Offs '  Rosters ,  30 Sep 60, 31 Dec 60, & 31 Mar 61. (6) ABNA 
Directory  Charts ,  1 Aug 60, 3 Oct 60, & 1 Jun 61. 

5 0 ~ ~ ,  BG R. M. Hurst ,  ABMA Comdr, t o  Ops Dirs  & Ofc Chfs, 
21 Nov 61, subj:  SGT Wpn Sys Aptmt. H i s t  Div F i l e .  

5 1 ~ 0 ~ 1 ~  GO 96, 5 Dec 61. 



The AOMC r e o r g a n i z n t  ion exccndcd i n t o  1962, over lapping  a  

major Army r e o r g a n i z a t i o n  which culminated i n  t h e  c r e a t i o n  of t h e  

Army l la te r ic l .  Conlmand ( M C )  , t h e  rcaligllment and r c d e s i g n a t i o n  of  

AO;C a s  t h e  Army Missi.1.e C o n ~ ~ a n d  (MICO?l) , and t h e  a c t i v a t i o n  of 

t h e  SERGEANT P r o j e c t  Of i i c e  cf  f  c c t i v e  1 August 1962. 52 Amid t h e  

confus ion  and f r u s t r a t i o n  a t t e n d i n g  t h i s  p r o t r a c t e d  r eo rgan iza -  

t i o n ,  t h e  SERGE4l.JT passcd  i t s  June  1362 r e a d i n e s s  d a t e ,  a l b e i t  

w i t h  c e r t a i n  s e r i o u s  compromises r c su l - t i ng  from t h e  t e l e scoped  

program and t h e  r e f u s a l  of DA S t a f f  i n  J u l y  1961 t o  accep t  

ano the r  s l i p p a g e  i n  t h e  sclledule.  53 

I n  t h e  AOXC r e o r g a n i z a t i o n  of December 1961, t h e  SERGEANT 

P r o j e c t  O f f i c e  was e s t a b l i s h e d  under t h e  Deputy Commanding 

General  f o r  B a l l i s t i c  M i s s i l e s  (DCG/CM) . COL John E .  Aber became 

t h e  SERGEANT P r o j e c t  Manager w i t h  respons i b i l - i t y  f o r  d i r e c t i n g  and 

coo rd ina t ing  t h e  p r o j e c t  a c t i v i t i e s  a s s igned  t o  and performed by 

t h e  n a t i o n a l  miss ion  o p e r a t i o n s  and suppor t i ng  s e r v i c e s .  A s  In  

prev ious  r e o r g a n i z a t i o n s ,  t h e  p r o j e c t  l o s t  some of i t s  expe.rienced 

personnel ,  i nc lud ing  M r .  Edmond D. Messer who t r a n s f e r r e d  t o  t h e  

Marsha l l  Space F l i g h t  Center  i n  January  1962. The P r o j e c t  Manager, 

w i t h  a  smal l  s t a f f  of bn ly  13  people ,  could  n o t  t r u l y  manage t h e  

program and was, i n  r e a l i t y ,  l i t t l e  more than  a  high l e v e l  s t a f f  

coo rd ina to r .  Th i s  i n t e r i m  p r o j e c t  o f f  i c e ,  however, d i d  provide  

e s s e n t i a l  s t a f f  exper ience  f o r  implementing t h e  v e r t i c a l l y  

52(1) DA G O  23, 4 May 62. (2) AMC GO 4, 23 May 62. (3) DA GO 
46, 25 J u l  62. (4) MICOM GO 5, 30 J u l  62. (5) DA GO 57, 27 Sep 62. 
(6) The AMC and MICOM e x i s t e d  w i th  s k e l e t o n  s t a f f s  from 23 May t o  
1 August 1962 when t h e y  becam2 o p e r a t i o n a l .  AMC absorbed t h e  
f u n c t i o n s  of OCO which was abolished, and MICOM absorbed f u n c t i o n s  
of t h e  former AOMC. For  a  d e t a i l e d  h i s t o r y  of t h e  r e o r g a n i z a t i o n ,  
s e e  AmLC S~nanl  H i s t  Sum, 1 J a n  - 30 J u n  62; MICON An1 Hist Sum, - 
FY 1963; and AMC An1 H i s t  Sum, FY 1963. 

5 3 ~ i s t  Rept,  SGT P r o j  Ofc, 1 J u l  - 31  Dec 62, w / inc l s .  H i s t  
Div F i l e .  



directed mana,qemcnt s t r u c t u r e  e s t a b l i s h e d  on 1 August 1962. 
54 

The a c t i v a t i o n  01 t h e  SEIlGEAT.;T P r o j e c t  O f f i c c  on 1 August 

provided i h e  p r o j e c t  manager w i t h  t h e  t o o l s ,  t h e  a u t h o r i t y ,  arid 

t h e  organizaLion f o r  e f f e c t i v e  weapon sys  tem management. The 

c e n t r a l i z e d  p r o j e c t  management concept s t r e s s e d  maximum i n t e -  

g r a t i o n  of t h e  t o t a l  c f f o r t  i n  o rde r  t o  malcc t h c  b e s t  p o s s i b l e  

use  of l i m i t e d  r e sou rces ,  and a t  t h e  same t ime a t t a i n  a  high 

o r d e r  of s t a b i l i t y .  It n e c e s s a r i l y  e n t a i l e d  maximum use  of t h e  

Funct ional  d i r e c t o r a t e s  f o r  o p e r a t i o n a l  suppor t ,  b u t  t h e  p r o j e c t  

manager possessed t h e  a u t h o r i t y ,  r e sou rces ,  and c a p a b i l i i y  w i t h i n  

h i s  own of F ice  f o r  t h e  c e n t r a l i z e d  management, d i r e c t i o n ,  c o n t r o l ,  

and monitorship of t h e  t o t a l  e f f o r t .  This  included a l l  phases of 

r e sea rch ,  development, t e s t ,  procurement and product ion,  d i s t r i -  

bu t ion ,  and l o g i s t i c  suppor t  f o r  t h e  purpose of maintaining a  

balanced program t o  accomplish t h e  s t a t e d  o b j e c t i v e s  of MIC. 

S p e c i f i c a l l y ,  t h e  p r o j e c t  manager was charged wi th  e x e r c i s i n g  

f u l l - l i n e  authority 0ve.r a l l  planning, d i r e c t i o n ,  and c o n t r o l  of 

t a s k s  and a s s o c i a t e d  r e sou rces  involved i n  f u r n i s h i n g  SERGFANT 

m i s s i l e  systems and system support  t o  des igna ted  r e c i p i e n t s  a t  

t imes and p l aces  d i r e c t e d  by AMC. 
5  5 

I n  l a t e  J u l y  1962; a  small  number of s p e c i a l i s t s  from t h e  

f u n c t i o n a l  d i r e c t o r a t e s  were d e t a i l e d  t o  t h e  p r o j e c t  manager t o  

a s s i s t  i n  prepar ing  t h e  o f f i c i a l  SERGEANT P r o j e c t  Management 

Master P lan  (PM2P). The approved a c t i v a t i o n  p l an  provided f o r  a  

t o t a l  of 21 m i l i t a r y  and 265 c i v i l i a n  personnel  t o  s t a f f  t h e  new 

o rgan iza t ion .  The p l a n  was t o  r e a s s i g n  t h e  SERGUNT func t ions  

and personnel  l oca t ed  i n  t h e  va r ious  MICOX d i r e c t o r a t e s  and s t a f f  

54(1) I b i d .  (2) AOHC GO 96, 5  Dec 61. (3)  AOMC GO 30, 14  
Mar 62. ( L c )  AOMC GO 99, 13 Dec 61. (5) MICOM GO 5, 30 J u l  62. 
(6)  AOXC GO 87, 30 J u l  62. (7.) I n t w ,  Mary T. Cagle w i t h  Edmond 
DO Messer, 24 Oct 69. 

55(1) M I C O M  Reg 10-2, Sec 1100, 15  Mar 63. (2)  H i s t  Rept,  
SGT P r o j  Ofc, 1 J u l  - 31 Dec 62, pp. 3-4. I I i s t  Div F i l e .  
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o f f i c e s  on an o rde r ly  bu t  r ap id  b a s i s  a f t e r  the  1 August 1962 

a c t i v a t i o n  date .  However, because of t h e  t i m e  requi red  f o r  major 

physica l  moves and o the r  admin i s t r a t ive  problems, t h e  t r ans f  e r s  

were e f f e c t e d  over a  period of seve ra l  months. 
,, 

I n  ca r ry ing  ou t  h i s  mandate a s  p ro jec t  manager, Colonel Aber 

had t o  contend wi th  t h e  t r a d i t i o n a l  confusion and le thargy a t tend-  

ing an upset  of t h e  s t a t u s  quo. Parochial  compartmentalized 

th inking fos te red  by more than a decade of func t iona l  d i r e c t i o n  

continued t o  present  a  problem d e s p i t e  s t r o n g  e f f o r t s  t o  i n i t i a t e  

p r o j e c t  management. To complicate mat ters ,  AMC withheld t h e  

approved Table of D i s t r i b u t i o n  (TD) pending r e s o l u t i o n  of grade 

s t r u c t u r e s ,  wi th  t h e  r e s u l t  t h a t  top-level  c i v i l i a n  personnel had 

t o  be  d e t a i l e d  t o  key s t a f f  pos i t ions  without promises of f i rm 

job o f f e r s .  This  not  only stymied t h e  recrui tment of competent 

s t a f f  members, but  a l s o  made it d i f f i c u l t  t o  keep t h e  experienced 

personnel a l ready aboard from leaving f o r  NASA and o the r  agencies 

because of job uncer ta in ty .  

As of 31 December 1962, t h e  p r o j e c t  manager had an assigned 

s t r e n g t h  of 184 (21 m i l i t a r y ,  163 c i v i l i a n s ) ,  aga ins t  a  cu r ren t  

personnel au thor iza t ion  of 190 and a planned TD au thor iza t ion  of 

251. Included i n  t h e  a c t u a l  s t r e n g t h  were 5 m i l i t a r y  and 16 

c i v i l i a n  personnel assigned t o  t h e  Sperry f i e l d  o f f i c e .  (Per- 

sonnel l a t e r  assigned t o  s t a f f  o f f i c e s  i n  AMC and Europe were 

a l s o  charged aga ins t  t h e  p r o j e c t  manager's space au thor iza t ion .  

See Chart 4.) Despite  the  p reva i l ing  job uncer ta in ty ,  a  number 

of top-level ,  system-oriented c i v i l i a n s  s tuck with t h e  p ro jec t .  

Among these  were Messrs. E .  C .  Roberts and John T. Calhoun, chief  

and deputy ch ie f ,  r e spec t ive ly ,  of t h e  System Engineering Divi- 

s ion ;  M r .  John F.  Hand, chief  of t h e  System Tes t  Division;  and 

M r .  H. T. Nagle, deputy chief  of t h e  System Support Division. 

Other key s t a f f  members included M r .  James H. Draughon, Deputy 

Pro jec t  Manager; M A J  John J. Sul l ivan,  Chief,  Program Management 

Off ice ;  MAJ Asa A. Hord, Chief,  System Support Division;  M r .  

90 
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Herman Libbe, Chief ,  Qual i ty  Assurance Division;  and M r .  D. R. 

Simms , Chief, Procurement & Product ion Divis ion. 56 

COL Jester Me Loomis, Jr., replaced COL John E. Aber a s  t h e  

SERGEANT P r o j e c t  Manager on 15 January 1963, 57 and, i n  the  e l su ing  

36 months, guided t h e  program through overseas deployment of the  

weapon system and t h e  i n i t i a l  s t ages  of  p r o j e c t  phasedown. The TD 

approved by AMC on 21 January 1963 a l l o t t e d  t h e  organiza t ion  a  

t o t a l  of 249 personnel (16 m i l i t a r y ,  233 c i v i l i a n s ) ,  but  t h e  

p r o j e c t  manager was never a b l e  t o  f i l l  a l l  of h i s  authorized 

spaces. By 30 June  1964, h i s  personnel a l lo tment  had been c u t  t o  

228 (1-2 m i l i t a r y ,  216 c i v i l i a n s )  and h i s  assigned s t r e n g t h  stood 
58 a t  a  peak of 216 (11 m i l i t a r y ,  205 c i v i l i a n s ) .  During the  l a s t  

ha l f  of 1964, wi th  deployment of a l l  programmed b a t t a l i o n s  and 

support  u n i t s  completed, Colonel Loomis began implementing t h e  

p lan  f o r  o rde r ly  t r a n s i t i o n  from f u l l  s t a f f i n g  t o  deprojec t iza-  

t i o n .  I n  t h e  e a r l y  s t a g e  of t h e  phasedown opera t ion ,  a t t r i t i o n  

took c a r e  of t h e  planned reductions.  By t h e  end of FY 1965, 

however, t h e  o f f i c e  had re leased  both spaces and personnel f o r  

assignment t o  o the r  p r o j e c t s ,  reducing t h e  author ized  s t r e n g t h  

from 228 t o  179 (11 m i l i t a r y ,  168 c i v i l i a n s )  and t h e  assigned 

s t r e n g t h  from 216 t o  171 (11 m i l i t a r y ,  160 c i v i l i a n s ) .  The p lan  

f o r  FY 1966 was t o  keep about 8  m i l i t a r y  and 80 c i v i l i a n s  i n  t h e  

p r o j e c t  o f f i c e  and t r a n s f e r  t h e  r e s t  t o  t h e  d i r e c t o r a t e s  where 

they would continue t o  support  the  weapon system. 59 But t h e  

- - -  - 

56(1) - Ib id .  (2) His t  Rept, SGT Proj  Ofc, 31 Dec 62 - 1 J u l  
63, pp. 2-30 H i s t  Div F i l e .  

5 7 ~ 1 ~ ~ ~  GO 7, 28 J a n  63. 

5 8 ~ ~ ~ ~ ~  Pers S t a t u s  Repts, 31 Dec 62 & 30 Jun 64. His t  Div 
F i l e .  

59(1) H i s t  Rept, SGT Proj  Ofc, FY 1965, pp. 3-4. (2) L t r ,  
AMCSA-PM, HQ AMC, t o  SGT nf, 24 Nov 64, subj:  P ro j  Curtailment 
Study, w / l s t  Ind, SGT PM t o  CG, ANC, 3  Dec 64; & , L t r ,  HQ MiC, t o  
SGT PPI, -- e t  a l . ,  30 Dec 64, subj:  C r i t  f o r  Deactivat ion of ANC 
[ s i c ] ,  w / l s t  Ind, SGT PM t o  CG, ANC, 13 J a n  G5. Ci ted  i n  NICOM 
An1 H i s t  Sum, FY 1965, p. 192. (3) NICOX Pcrs S ta tus  Rcpt, 30 
Jun 65. His t  Div F i l e .  
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r e f i n e d  MICOM p r o j e c t  management policy,  issued i n  September 1965, 

a l t e r e d  t h e  planned s t a f f i n g  p a t t e r n  f o r  1966 and subsequent years .  

The r e f i n e d  p r o j e c t  management pol icy ,  i n  e f f e c t ,  s e n t  t h e  

major p r o j e c t  operat ions,  together  wi th  personnel and spaces, back 

t o  t h e  func t iona l  d i r e c t o r a t e s  from whence they had come 3 y&ars 

before.  It decreed t h a t  t h e  p r o j e c t  o f f i c e s  would c o n s i s t  of 

small groups of e l i t e  management technic ians  who would r e l y  on 

t h e  func t iona l  d i r e c t o r a t e s  t o  accomplish t h e  "doing" por t ions  

of the  p r o j e c t  work, wi th  t h e  p ro jec t  managers r e t a i n i n g  f u l l - l i n e  

a u t h o r i t y  f o r  planning, d i r e c t i o n ,  and.contro1 of t h e  t o t a l  e f f o r t .  

The p r o j e c t  managers' f i e l d  o f f i c e s  would include rep resen ta t ion  

from t h e  d i r e c t o r a t e s ,  a s  appropr ia te ,  wi th  t h e  understanding t h a t  

t h e  chief  of t h e  f i e l d  o f f i c e  was t h e  Senior  MICOM Representat ive 

a t  t h a t  loca t ion .  A s  such, he would be responsib le  f o r  a l l  

dec is ions  and he a lone  would d i r e c t  the  con t rac to r  a s  necessary. 

D i r e c t o r a t e  r ep resen ta t ives ,  under a l l  condit ions,  would be 

responsib le  d i r e c t l y  t o  t h e  f i e l d  o f f i c e  ch ie f .  To avoid d is rup-  

t ion ,  each d i r e c t o r a t e  would gradual ly  take  on t h e  new funct ions  

and assoc ia ted  personnel a s  it demonstrated i t s  a b i l i t y  t o  perform 

each funct ion  equal t o ,  o r  b e t t e r  than, t h e  p ro jec t  management 

organiza t ion .  
60 

Since t h e  newer p r o j e c t  o f f i c e s  had a l ready been organized 

according t o  t h e  new p r o j e c t  management concept, t he  main impact 

of t h e  pol icy  f e l l  on t h e  o lder  p r o j e c t s  such a s  t h e  SERGEANT. 

I n  one of h i s  l a s t  o f f i c i a l  a c t s  a s  p r o j e c t  manager, Colonel 

Loomis prepared and s e t  i n  motion the  plan f o r  the  o rde r ly  

t r a n s i t i o n  of personnel and funct ions  from t h e  p r o j e c t  o f f i c e  t o  

t h e  appropr ia te  d i r e c t o r a t e s .  The t a s k  of f i n i s h i n g  t h e  job f e l l  

t o  llAJ William A. Cole, who succeeded Colonel Loomis a s  ac t ing  

60(1) MICON An1 H i s t  Sum, FY 1966, pp. 20-22. (2) Handbook, 
P ro jec t  ~ a n a g e r / ~ i r e c t o r a t e  Functional  Relat ionships,  15 Sep 65. 
His t  Div F i l e .  
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p r o j e c t  manager on 1 January 1966. Pursuant t o  t h e  real ignment  

plan,  AMC, on 26 January  1966, reduced t h e  o f f i c e ' s  manpower 

a u t h o r i z a t i o n  from 179 t o  73 (8 m i l i t a r y ,  65 c i v i l i a n s ) .  The 

t r a n s f e r  of func t ions ,  personnel  and personnel  spaces,  records ,  

and equipment t o  t h e  Supply & Maintenance and R&D ~ i r e c t o r a t e s  

began on 5  November 1965 and continued on a s e q u e n t i a l  b a s i s  

through e a r l y  March 1966. By 30 June 1966, t h e  p r o j e c t  o f f i c e  

s t a f f  had been reduced t o  74 ( 7  m i l i t a r y ,  67 c i v i l i a n s ) .  62 

With Major Co le ' s  depa r tu re  on 5  August 1966, M r .  John F. 

Hand took over  a s  a c t i n g  p r o j e c t  manager and served u n t i l  t h e  

assignment of LTC Arthur  G. Lange, Jr., on 26 September 1966. 6  3  

Colonel Lange s t e e r e d  t h e  program through t h e  f i n a l  product 

improvement, f i e l d  modif ica t ion ,  and in-process reviews lead-  

ing t o  c l a s s i f i c a t i o n  of t h e  weapcn system a s  Standard A i n  

June 1 9 6 8 , ~ ~  and t h e  continued phasedown of ope ra t ions  pre-  

pa ra to ry  t o  d e p r o j e c t i z a t i o n .  By 31  December 1968, t h e  o f f i c e ' s  

manpower a u t h o r i z a t i o n  had been reduced t o  49 (8 m i l i t a r y ,  41 

c i v i l i a n s )  and i t s  ass igned s t r e n g t h  t o  51 ( 5  m i l i t a r y ,  46 

c i v i l i a n s )  . 65 

Under t h e  p l an  approved by AMC on 30 January 1969, t h e  

t r a n s i t i o n  from p r o j e c t  management t o  commodity management would 

begin on 30 June 1369--the d e p r o j e c t i z a t i o n  date-and be com- 

p l e t e d  by 31 December 1969. Upon completion of t h e  t r a n s i t i o n ,  

- 

61(1) MICOM GO 3,  10 J a n  66. (2)  H i s t  Rept, SGT P ro j  Ofc, 
FY 1966, p. 3.  H i s t  Div F i l e .  . - 

62 
(1)  I b i d o ,  p. 3. (2)  MICOM GO 15, 10 Feb 66 & GO 23, 10 

Mar 660 (3) MICON Pers  S t a t u s  Rept, 30 Jun  66. H i s t  Div F i l e .  

6 3 ~ ~ ~ ~ ~  GO 93, 2  Aug 66; GO 113, 5  Oct 66. 

64(1) L t r ,  SGT PM t o  CG, AMC, e t  a l . ,  15 Dec 67, subj :  SGT 
Sp In-Process Review (IPR) on TCL4S, w/incl .  SGT Pro j  Ofc F i l e  
203-05. (2)  2d Ind,  ACSFOR, DA, t o  CG, AMC, 27 Jun  68, subj :  SGT 
TCLAS, Read f o r  Record - AMCTCM 6331, 5  Sep 68. RSICo 

6 5 ~ 1 ~ ~ ~  Pess S t a t u s  Rept, 31 Dec 68. H i s t  Div P i l e .  



a small commodity o f f i c e  would remain t o  oversee  t h e  a c t i v i t i  

o f  suppor t ing  f u n c t i o n a l  o rgan iza t ions .  Although r educ t ions  

keep t h e  work f o r c e  i n  l i n e  w i t h  t h e  d e c l i n i n g  workload would 

be . con t inued ,  t h e  ma jo r i t y  of  p r o j e c t  personnel  and spaces would 
6  6  , be  t r a n s f e r r e d  a f t e r  t h e  d e p r o j e c t i z a t i o n  da t e .  

The SERGEANT Commodity Manager-1969-70 

LTC Paul  L. Blackburn succeeded Colonel Lange as SERGEANT 

P r o j e c t  Manager on 1 J u l y  1 9 6 9 ~ ~  and saw t h e  program through t h e  

t r a n s i t i o n  t o  commodity management s t a t u s .  Although t h e  

d e p r o j e c t i z a t i o n  d a t e  was advanced from 30 J u n e  t o  31  October 

1969, t h e  phaseout a c t i o n  a c t u a l l y  began i n  J u l y  1969 a s  , - 
6 8  

o r i g i n a l l y  planned. The ass igned  personnel  s t r e n g t h  dec l ined  

from 51 t o  35 dur ing  t h e  f i r s t  h a l f  of 1969, thence  t o  23 on 3 1  

October 1969. 
69 

E f f e c t i v e  1 5  October 1969, t h e  O f f i c e  of t h e  SERGEANT 

P r o j e c t  Manager was o f f i c i a l l y  d i s c o n t i n ~ e d ~ ~  and t h e  SERGEANT 

Commodity O f f i c e  was organized w i t h  an au tho r i zed  s t r e n g t h  of 

one o f f i c e r  and seven c i v i l i a n s .  Having absorbed the  r e s i d u a l  

func t ions  of t h e  SERGEANT P r o j e c t  Manager, t h e  commodity manager 

was de lega ted  f u l l - l i n e  a u t h o r i t y  and r e s p o n s i b i l i t y  f o r  planning,  

66(1) L t r ,  SGT PM, t h r u  CG, NICOM, t o  CG, AMC, 23 Dec 68, 
subj :  Depro jec t i za t ion  of SGT Proj ,  w/Proj Trns Plan; & 1 s t  Ind, 
CG, MICON, t o  CG, AMC, 6  J a n  69, a tchd  t o  SS AMCPM-SE-5-68, 23 
Dec 68, subj :  same. (2) L t r ,  CG, MIC, t h r u  CG, MICOM, t o  SGT PM, 
30 Jan 69, subj :  same. Both i n  H i s t  Div F i l e .  

6 7 M ~ C ~ M  GO 63, 1 J u l  69. 

68(1) L t r ,  CG, PlICOM, t o  CG, AMC, 31 J u l  69, subj :  ~ e p r o j e c t -  
i z a t i o n  of SGT Pro j  Ofc, a tchd  t o  SS AMSMI-WM-97-69, 29 J u l  69, 
subj :  same. H i s t  Div F i l e .  (2) Intvw, Mary T. Cagle w i th  Paul  R. 
C o l l i e r ,  Act Chf, Program Mgt Ofc, SGT P r o j  Ofc, 31  Oct 69. 

6 9 ~ ~ C 0 ~  Pers  S t a t u s  Repts,  30 J u n  69 & 31 Oct 69. H i s t  Div 
F i l e .  

7 0 h ~ ~  GO 234, 31 Dec 69. 



d i r e c t i o n ,  and con t ro l  of a l l  p r o j e c t  a c t i v i t i e s  and a l l o c a t e d  

resources.  71 M r .  Jack R. Amos replaced LTC Paul L. Blackburn 

a s  a c t i n g  commodity manager on 24 December 1969. 72  LTC Russel l  

A..Simpson took over a s  SERGEANT Commodity Manager on 5 January 

On 6 A p r i l  1970, t h e  Land Combat Specia l  Items Management 

Of f i ce  (Provisional)  was es t ab l i shed  t o  i n t e g r a t e  and manage 

t h e  a c t i v i t i e s  of t h e  SERGEANT, Land Combat, and A i r c r a f t  Weapons 

Commodity Off ices ,  whose missions, r e s p o n s i b i l i t i e s ,  and person- 

n e l  were unchanged. The new o f f i c e ,  headed by LTC Wayne B. 

M i l l e r ,  had an authorized s t r eng th  of two o f f i c e r s .  74 E f f e c t i v e  

1 J u l y  1970, M A J  William D. Kirby, Jr., was named a c t i n g  manager 
of the  SERGEANT Commodity Office,  v i c e  LTC Russel l  A O  Simpson. 7 5 

7 1 ~ ~ ~ ~ ~  GO 18, 29 J a n  70. (MICOM General Orders 141, dated 
7 November 1969, e s t ab l i shed  the  SEKGEAhT Commodity Off i c e  [Pro- 
v i s i o n a l ]  e f f e c t i v e  1 November 1969. These orders  were rescinded 
by General Orders 18, which es tab l i shed  the  SERGEANT Comnodity 
Off ice  e f f e c t i v e  15 October 1969.) 

7 2 ~ 1 ~ ~ ~  GO 157, 31 Dec 69. 

7 3 ~ 1 ~ ~ M  GO 2, 2 J a n  70. 

7 4 ~ ~ ~ ~ ~  GO 65, 18 Jun  70. (These orders  rescinded MICOM GO 
39, dated 2 Apr i l  1970.) 

7 5 ~ ~ ~ ~ ~ 1  GO 73, 1 J u l  70. 



(U) BASIC DESIGN AND FEASIBILITY DEMONSTRATION 
- 

, 

The SERGEANT development program o f f i c i a l l y  began i n  January ' 

1955 and was e s s e n t i a l l y  completed w i t h  t h e  f l i g h t  t e s t  of t h e  

last  R&D m i s s i l e  on 28 September 1961. During t h a t  per iod ,  t h e  

t a c t i c a l  p ro to type  system took  shape i n  a p rog res s ive  s e r i e s  

of  t h r e e  development t e s t  models: F e a s i b i l i t y  Demonstrat ion, 

1955-57; Experimental,  1958-59; and ~ n g i n e e r i n ~ ,  1960-61. Th i s  

c l iapter  focuses  on t h e  des ign  of Phase I R&D t e s t  equipment, 

t h e  a i r f rame-propuls ion  f e a s i b i l i t y  f l i g h t  t e s t s ,  and t h e  des ign  

and f a b r i c a t i o n  of Phase I1 Experimental Model equipment. The 

ensuing chap te r  t r a c e s  t h e  evo lu t ion  of t h e  weapon system through 

t h e  Experimental and Engineering Model t e s t  programs dur ing  t h e  

1958-61 per iod .  

Reor i en ta t ion  of t h e  Program 

Ear ly  i n  1955, JPL began des ign  work on t h e  r a d i o - i n e r t i a l  

SERGEANT system and l e t  a subcon t r ac t  t o  t h e  General  E l e c t r i c  

Company f o r  p a r a l l e l  development of t h e  a l l - i n e r t i a l  guidance 

system, w i t h  p l ans  t o  begin  R&D f l i g h t  t e s t s  i n  J u l y  1955. The 

R&D funding d e f i c i t  i n  FY 1955 l e d  t o  a s l i ppage  i n  t h e  i n i t i a l  

schedule  and t h e  p u b l i c a t i o n  of a r ev i sed  program plan  i n  June 

1955. Th i s  r e v i s e d  schedule  c a l l e d  f o r  a t o t a l  of 55 R&D f l i g h t  

t e s t s  of t h e  r a d i o - i n e r t i a l  system beginning i n  October 1955 

( i n s t e a d  of J u l y )  and cont inuing  through December 1959. The 

p a r a l l e l  a l l - i n e r t  i a l  development e f f o r t  would c o n s i s t  df 40 

R&D f l i g h t s  beginning i n  mid-1958 and cont inuing,  i f  necessary ,  

through mid-1960. The f i n a l  system des ign  would be  r e l e a s e d  t o  

product ion i n  August 1961, upon completion of engineer  t e s t s ,  

and d e l i v e r y  of t h e  t a c t i c a l  equipment would begin i n  February 



1963, wi th  a scheduled Ordnance Support Readiness Date of August 

1963. 
1 

Continuing f i n a n c i a l  pressures  i n  t h e  f a l l  of 1955 forced 

another  major change i n  t h e  development program. Seeing t h a s  

adequate FY 1956 funds would no t  be a v a i l a b l e  t o  support p a r a l l e l  

development of both t h e  r a d i o - i n e r t i a l  and a l l - i n e r t i a l  systems, 

t h e  Ordnance Corps undertook a review t o  determine the  advantages 

and disadvantages of t h e  two guidance techniques. On the  b a s i s  

of t h i s  review, t h e  JPL S tee r ing  Committee, i n  September 1955, 

agreed t h a t  t h e  SERGEANT should use  an a l l - i n e r t i a l  guidance 

system. The compelling reasons f o r  t h i s  s e l e c t i o n  were techno- 

l o g i c a l  advancements i n  t h e  f i e l d  of i n e r t i a l  guidance, t h e  

requirement f o r  immunity t o  e l e c t r o n i c  countermeasures, and t h e  

need f o r  a s u b s t a n t i a l  reduct ion  i n  t h e  complexity and amount of 

ground equipment. The JPL r a d i o  guidance system was immune t o  

countermeasures, bu t  i t  presented the  p o t e n t i a l  of i n t e r f e r i n g  

wi th  f r i e n d l y  ground e l e c t r o n i c  systems and of r equ i r ing  more 

ground equipment than des i rab le .  

With t h e  a l l - i n e r t i a l  system, however, i t  appeared doubtful  

t h a t  t h e  s p e c i f i e d  accuracy of 100 t o  150 yards could be achieved 

wi th in  a reasonable timescale. JPL concluded a f t e r  f u r t h e r  s tudy 

t h a t  an accuracy o r  CPE ( c i r c u l a r  probable e r r o r )  of 300 yards 

was l i k e l y  t o  be achieved in a development period about 1 year 

longer than t h e  combined system would have requi red;  i . e . ,  

completion of the  development phase by December 1960 ins tead  of 
2 

December 1959. (As s t a t e d  e a r l i e r ,  t he  accuracy requirement 

was u n o f f i c i a l l y  re laxed t o  500 t o  1,000 yards CPE i n  September 

-- 

'see - above, pp. 31-38. 

2(1) Tech Rept, Ord GM br Rkt Programs, Vol V I I I  - SERGEANT, 
Suppl 1, 1 J u l  55 - 30 Jun 56, p. 2. (Document h e r e a f t e r  c i t e d  a s  
SGT Blue Book Suppl.) His t  Div F i l e .  (2) JPL F i n a l  Rept 20-137, 
1 Oct 60, p. 2. RSIC. (3) JPL Pub #99, 10 May 57, subj:  Xis t  of 
Ord Rsch a t  t h e  JPL, 1 J a n  55 th ru  31 ~ e c  56, p. 3. RSIC. 
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1955, thence  t o  100 t o  300 yards  i n  1956, w i th  primary e f f o r t  
3 be ing  d i r e c t e d  toward a t t a inmen t  of t h e  r equ i r ed  300-yard CPE. ) 

Upon approval  of t h e  r e o r i e n t e d  program by OCO i n  October 

1955, JPL te rmina ted  t h e  subcon t r ac t  w i t h  General E l e c t r i c ,  

s topped work on t h e  r a d i o - i n e r t i a l  system, and r e d i r e c t e d  i t s  

e f f o r t  toward t h e  des ign  of  components f o r  t h e  a l l - i n e r t i a l  

system. A s  shown below, t h e  JPL development schedule f o r  t h e  

r e o r i e n t e d  program embraced t h r e e  des ign  phases c o n s i s t i n g  of 

62 RhD f l i g h t  t e s t s  du r ing  t h e  1956-60 per iod .  The i n i t i a l  

Block I f l i g h t  t e s t  had been delayed from October 1955 t o  

January 1956 because of f a b r i c a t i o n  problems. 4 

I (Block I) 

2 (Block 11) 

3 (Blockll I )  

JPL Development Schedule f o r  A l l - I n e r t i a l  
SERGEANT System - December 1955. 

Program Delays and Schedule Changes 

A s  a r e s u l t  of t h e  h ighe r  p r i o r i t y  IRBM and space  programs 

undertaken f o r  ABMA e a r l y  i n  1956, JPL n e c e s s a r i l y  took some key 

personnel  o f f  t h e  SERGEANT e f f o r t .  This ,  t oge the r  w i t h  de l ays  

stemming from r e o r i e n t a t i o n  of t h e  program and t h e  ensuing 

funding and t e c h n i c a l  problems, l e d  t o  a r e v i s i o n  of t h e  develop- 

ment p lan  and schedule.  By Pfay 1956, t h e  o r i g i n a l  62-round, 3- 

b lock  development program had evolved i n t o  a 60-round, 5-phase 

3 ~ e e  - above, pp. 70-71. Also s e e  Appendices I & 11. 

4(1) SGT Blue Book Suppl, p. 2. (2) JPL F i n a l  Rept 20-137, 
1 Oct 60, pa 12. RSIC.  



program embracing the  F e a s i b i l i t y ,  Experimental, and Engineering 

Models. 

-. - - 
Feosibility Experlmentol Model Engineerin9 Model 

Phase 
1956 1 1957 1 1958 1 

I propulsion, oir- 
frorne qu~dome 
ond G Y  f e o s ~ b ~ l ~ l y  

II quidonce system 
and GSE de- 
velopment 

IIJ system develop- 
ment ond 
inlegrotion; ond 
finolizotion of 
EM concepts 

IS! EM development 

P system proof test 

Revised Development Schedule 

I 
I 20 rounds 

t ' . 
10 

rounds 

i 
I 

- May 1956. 

Because of problems encountered i n  f a b r i c a t i o n  of t h e  rocket  

motor and i n  t h e  design of t h e  dragbrake system and guidance 

platform, t h e  t a r g e t  d a t e  f o r  completion of the  planned 10-round 

Phase I f e a s i b i l i t y  demonstration was extended from March t o  

November i957. Even so,  t h e  plan s t i l l  c a l i e d  f o r  comple~ ion  of 

t h e  remaining four  phases by t h e  end of December 1960. A s  shown 

above, the  Experimental Model por t ion  of the  program was divided 

i n t o  Phases I1 and 111, cons i s t ing  of 10 rounds each. Phase I1 

would be t h e  f i r s t  of t h e  guided development f i r i n g s .  Phase I11 

would provide system development and i n t e g r a t i o n  and would f i n a l -  

i z e  a l l  Engineering Model concepts which then would form t h e  

b a s i s  f o r  Phase IV. During the  planned 20-round Phase I V  e f f o r t ,  

t h e  Engineering Model would be developed and the  changes necessary 

f o r  the  system t o  meet the  MC's would be incorporated f o r  evalu- 

a t i o n  i n  t h e  10-round Phase V proof t e s t  program. 5 

I n  June 1956, the  p ro jec t  o f f i c e  a t  Redstone Arsenal issued 

a proposed conmodity schedule c a l l i n g  f o r  commencement of indus- 

t r i a l  production i n  January 1961 with i n i t i a l  t roop d e l i v e r i e s  i n  

- - 
'(1) JPL F i n a l  Rept 20-137, 1 Oct 60, pp. 12-14. RSIC. (2) 

JPL Pub #99, 10 May 57, ope c i t . ,  p. 1. RSIC. 
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mid-1962 and a planned Ordnance Readiness Date of October 1962. 

To meet t h e s e  t a r g e t  da tes ,  prel iminary R&D r e l e a s e s  t o  the  

I n d u s t r i a l  Division would begin i n  mid-1958, along wi th  prepro- 

duction engineering f o r  t h e  i n i t i a l  buy of non- tac t i ca l  prototype 
6 

equipment e a r l y  i n  FY 1959. OCO approved the  proposed commodity 

schedule i n  t h e  f a l l  of 1956. 7 

Fur ther  funding and t echn ica l  problems during t h e  f i r s t  

ha l f  of CY 1957 l e d  t o  a delay i n  the  bas ic  development program, 

extending the  planned e f f o r t  i n t o  e a r l y  1961 wi th  no change i n  

t h e  Ordnance Readiness Date. A s  shown below, the  new schedule 

c a l l e d  f o r  a t o t a l  of 59 ( ins tead  of 60) R&D f i r i n g s .  
8 

I propulsion, a i r -  
irome puidance 
and GSE ieasibil~ty 

II guldoncs system 
and GSE de- 
velopment 

m syslern develop- 
msnl and 
Intsgrotlon; and 
ilnolizotion of 
EM concepts 

EM developmenl 

P eystern proof test 

Revised Development Schedule - J u l y  1957. 

Phase I R&D Tes t  Equipment 

The immediate ob jec t ive  of the  Phase I e f f o r t  was t o  put  

E nglneerlng 
Fearlblllty 

something resembling a m i s s i l e  i n t o  t h e  a i r  a s  quickly a s  poss ib le  

Experimental Model 

i n  order  t o  gain experience with f e a t u r e s  such a s  the  s o l i d  pro- 

p e l l a n t  motor and dragbrakes. The c r i t e r i a  thus appl ied  i n  the  

6~~~ Blue Book Suppl, 30 Jun 56, pp. 43, 47. His t  Div F i l e .  

1956 1 1957 
I 

1 

7ABMA Rept, SGT Lead Time Case Study, 9 May 61, p. 4. H i s t  
Div F i l e .  

'JPL F i n a l  Rept 20-137, 1 Oct 60, pp. 12-13. RSIC. 

1959 
I 
I 
I 

1958 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 

8raunds t 

1960 1 ,1961 

I 
I 

. 
I .  
I 
I 

I 

4 '  

i- 
I lorounds 
I 

1 
I 

I 
I 
I 
I 
1 

1 l9rounds 

I 
I 

l l rounds 

I 
I t '  Id, 

I 
I 
I 
I 
I 
I 

r : 1 
II ramds 

I 
I 



e a r l y  v e h i c l e  des ign  were as fol lows:  (1) maximum p r o b a b i l i t y  

s u c c e s s f u l  f l i g h t  i n  t h e  f i r s t  t h r e e  rounds, s i n c e  t h e s e  would 

be  t h e  only ones flown e a r l y  enough t o  i n f luence  t h e  Phase I1 

des ign;  (2) a con£ i g u r a t  ion  resembling as c l o s e l y  as p r a c t i c a l  

t h e  f i n a l  m i s s i l e ,  as then  v i s u a l i z e d ;  and (3) r ead ines s  for , -  

f l i g h t  t e s t s  a t  t h e  e a r l i e s t  p o s s i b l e  da te .  These c r i t e r i a  

imposed many des ign  r e s t r i c t i o n s .  To guarantee  successEul  f l i g h t s  

and minimize engineer ing  time, t h e  s t r u c t u r a l  des ign  w a s  based on 

a s imple and conse rva t ive  a n a l y s i s .  No new m a t e r i a l s ,  methods, 

o r  components were used except  where e s s e n t i a l  t o  t h e  i n i t i a l  

experiments . 
M i s s i l e  Design 

The des ign  i n i t i a l l y  s e l e c t e d  f o r  t h e  SERGEANT m i s s i l e  w a s  

t h e  product  of ex t ens ive  des ign  s t u d i e s ,  l abo ra to ry  experiments,  

and r e s e a r c h  v e h i c l e  f i r i n g s .  JPL conducted pre l iminary  SERGMKC 

experiments i n  1954-55, us ing  CORPORAL missiles a s  t e s t  v e h i c l e s .  

These included two f u l l - s c a l e  t e s t s  of t h e  aerodynamic dragbrakes 

i n  A p r i l  and October 1954 and a f l i g h t  t e s t  of t h e  r a d i o  communi- 

c a t i o n s  system i n  May 1955. I n  June 1955, t he  Laboratory t e s t e d  

s c a l e  models of t h e  SERGEANT i n  i t s  20-inch supersonic  wind 

tunnel .  La t e  i n  1 9 5 5 , , i t  t e s t e d  a Lear-BOMARC s t a b l e  p la t form 

i n  another  CORPORAL f i r i n g  t o  ga in  exper ience  w i t h  a m i s s i l e -  

borne i n e r t i a l  guidance device.  S ince  t h e  utmost accuracy was 

n o t  r equ i r ed  i n  t h e  i n i t i a l  a i r f rame-propuls ion  f l i g h t s ,  t h e  

f i r s t  f i v e  rounds used t h e  CORPORAL Mark I1 a u t o p i l o t ,  w i t h  t h e  

SERGEANT a u t o p i l o t  system being introduced i n  t h e  succeeding 

Phase I rounds. 
9 

Except f o r  changes a s soc i a t ed  wi th  t h e  guidance system, t h e  

9(1) Ib id . ,  pp. 3 ,  44. (2) An1 Prog Rept of t h e  Guided 
Missi-les Program, DA, 1 Oct 55, pp. 145, 151-52. RSIC. (3) JPL 
Pub #99, 10 May 57, ope  tit.? p. ft. RSIC. 
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design c h a r a c t e r i s t i c s  of  t h e  i n i t i a l  Phase I rounds e s s e n t i a l l y  

p a r a l l e l e d  those  o r i g i n a l l y  proposed f o r  t h e  SERGEANT. lo A m i s -  . 

s i l e  diameter of 31 inches was se lec ted  t o  conform t o  the  then- 

c u r r e n t  warhead requirements. This ,  i n  tu rn ,  d i c t a t e d  t h e  ou t s ide  

diameter of t h e  motor, s ince  t h e  motor case  formed a por t ion 'of  

t h e  m i s s i l e  airframe.  To avoid delaying t h e  motor s t a t i c  t e s t s ,  

JPL se lec ted  a t e n t a t i v e  c y l i n d r i c a l  case  length  of 171.5 inches 

on the  b a s i s  of e a r l y  es t imates  of gross m i s s i l e  weight (11,400 

l b s . ) ,  dragbrake c a p a b i l i t i e s ,  and propel lant  performance. The 

31-inch m i s s i l e  diameter coincided wi th  t h e  diameter of the  

HEWS A2 motor, permi t t ing  maximum use of t h e  experience and 

manufacturing f a c i l i t i e s  developed by the  Thiokol Chemical 

Corporation Redstone Divis ion  during the  HERMES program. But 

d e s p i t e  t h i s  advantage, t h e  design and f a b r i c a t i o n  of an accept- 

a b l e  rocket  engine presented many problems which contr ibuted  t o  

the  delay i n  t h e  i n i t i a l  f l i g h t  t e s t s  from October 1955 t o  

January 19 56. 
11 

Rocket Motor Development 

The SERGEANT R&D rocket  motors were designed by JPL and 

manufactured by the  Thiokol Redstone Division under con t rac t  wi th  

t h e  Ordnance Corps. Except f o r  i t s  g r e a t e r  length  and correspond- 

ingly  higher performance, the  o r i g i n a l  JPL-329 motor bore a 

s t r i k i n g  resemblance t o  t h e  HERMES A2. The s i m i l a r i t y  extended 

not  only t o  use of t h e  i d e n t i c a l  formulation of T-17E1 (TRX-11OA) 

po lysu l f ide  rubber and ammonium perchlora te  propel lant ,  but a l s o  

t o  s i m i l a r  motor chamber and propel lant  g ra in  designs and t o  use 

10 
See above, pp. 25-27. - 

"(1) JPL F ina l  Rept 20-137, 1 Oct 60, np. 12, 45. RSIC. 
(2) JPL Pub 1/99, 10 May 57, op. c i t  . , p. 4. ( 3 )  MP/TCC Rept 
TLD 320-66-290, June 1966, subj: The SGT Rkt Mtr &D - His t  Sum 
& Review f r  Dec 1953 th ru  Nov 1961, pp. 24-25. RSIC. (4) - Also 
see  above, pp. 8-16. - 



of t h e  same i g n i t i o n  system. Like  t h e  IERMES A2, t h e  

was a cons t an t - th rus t ,  moderate-performance motor. Excelco 

Developments, Inc . ,  S i l v e r  Creek, New York, which had produced 

a number of t h e  4130 a l l o y  s t e e l  motor ca ses  f o r  t h e  HERMES, 
, 

f a b r i c a t e d  t h e  f i r s t  group of SERGEANT cases ,  t h e  i n i t i a l  u n i t  

being made by jo in ing  two HERMES motor ca ses .  

The JPL-329 motor had a  c y l i n d r i c a l  c a s e  l e n g t h  of 171.5 

inches and a  nominal weight of 8,200 pounds, inc luding  7,100 
-1. 

pounds of T-17E1 (TRX-11OA) p rope l l an t  ( l a t e r  renamed T P - ~ 8 ~ 8 0 " )  . 
Thiokol  began f u l l - s c a l e  s t a t i c  t e s t s  of t h e  motor i n  t h e  f a l l  

o f '1954,  fo l lowing  a  s e r i e s  of scale-model s t a t i c  f i r i n g s  and 

p r o p e l l a n t  temperature t e s t s .  The r e s u l t s  of f i v e  f u l l - s c a l e  

s ta t ic  f i r i n g s  completed i n  March 1955 ind ica t ed  t h a t  t h e  motor 

s u c c e s s f u l l y  met t h e  performance requirements ,  bu t  i t  was con- 

s i d e r a b l y  l a r g e r  than  r equ i r ed  t o  meet t h e  r e f i n e d  parameter 

e s t ima te s .  Accordingly, JPL designed a  new motor us ing  a  

d i f f e r e n t  p r o p e l l a n t  formula t ion  and havLng a  lower t o t a l  

impulse . 
The new motor, des igna ted  a s  t h e  JPL-427, had a  s h o r t e r  

c y l i n d r i c a l  c a s e  l e n g t h  of 166 inches and a  lower g ros s  weight of 

7,750 pounds, inc luding  a  6,650-1b. charge of T-17E2 (TRX-110B) 

p r o p e l l a n t  ( l a t e r  known a s  TP-Eb081). S t a t i c  f i r i n g s  of two 

f u l l - s c a l e  JPL-427 motors i n  June  1355 proved u n s a t i s f a c t o r y  

because of i n c i p i e n t  resonant  burning (combustion i n s t a b i l i t y )  

and t h e  a t t e n d a n t  v i b r a t i o n  l e v e l  which exceeded t h a t  a l lowable  

f o r  t h e  m i s s i l e  guidance equipment. JPL then  decided t o  u s e  

t h e  o r i g i n a l  JPL-329 motor f o r  t h e  f i r s t  f e u  Phase I rounds and 
B 

t o  cont inue  work on an  improved cons t an t - th rus t  motor f o r  use i n  

* 
Most of t h e  p r o p e l l a n t  formula t ions  inves t iga t ed  f o r  SERGEANT 
a p p l i c a t i o n  had t h r e e  i d e n t i f i c a t i o n  numbers: o r i g i n a l  (TM 
p r e f i x )  ; i n t e r i m  ("TI' p r e f i x )  ; and f i n a l  (TP prcf  i s ) ,  For a  
complete l i s t i n g ,  see Table 1, Appendix T I I .  



l a t e r  f l i g h t s .  Thiokol thus abandoned t h e  JPL-427 motor program 

a f t e r  t h e  t h i r d  unsuccessful  s t a t i c  t e s t  i n  November 1955, and 

de l ive red  JPL-329 motors f o r  t h e  f i r s t  t h r e e  Phase I f l i g h t  t e s t s  
12 

conducted i n  January,  February, and Apr i l  1956. , 

I n  t h e  search  f o r  a p r a c t i c a l  s o l u t i o n  t o  t h e  resonant  

burning and v i b r a t i o n  problems, Thiokol inves t iga ted  two new 

cons tan t - th rus t ,  moderate-performance motor designs,  t h e  JPL-438 

and JPL-477. Like t h e  JPL-427 motor, t h e  438 design used T-17E2 

(TRX-11OB) p rope l l an t ,  bu t  i t s  c y l i n d r i c a l  case  l eng th  was 

shortened t o  141 inches. A s t a t i c  t e s t  of t h e  438 motor on 20 

~ & c h  1956 indica ted  combustion i n s t a b i l i t y ,  and t h e  design was 

abandoned. The JPL-477 motor used t h e  same g r a i n  c a v i t y  design . , 

a s  t h e  JPL-329 but  had a c y l i n d r i c a l  case  length  of 141 inches. 

I t s  gross  mean weight of 6,900 pounds included a 5,840-1b. charge 

of T-17E2 p rope l l an t  and a 700-lb. case  of 4130 a l l o y  s t e e l .  

During t h e  period 8 May t o  18 October 1956, Thiokol loaded and 

s t a t i c  t e s t e d  11 f u l l - s c a l e  477 motors and shipped t h e  12th  unit 

t o  t h e  White Sands Proving Ground, where it was success fu l ly  flown 

i n  t h e  four th  Phase I f l i g h t  t e s t  on 3 November 1956. A l l  t o l d ,  

Thiokol manufactured 40 acceptable  R&D motors of t h e  477 design, 22 

of which were expended i n  s t a t i c  f i r i n g s  and 18 i n  f l i g h t  t e s t s .  13 

12(1) SGT Blue Book, p. 53. His t  Div F i l e .  (2) Program Re- 
view Bd In fo  Outl ine,  SGT GM Sys XSSM-A-27, JPL, 9 Jun 55, p, 4. 
SPCF, Bx 13-813, RHA. (3) L t r ,  D i r ,  JPL, t o  CG, RSA, 14  J u l  55, 
n.s. ,  atchd t o  Ofc Memo, P l A J  W .  H. Gibbs, RSA LnO, JPL, t o  Chf, 
RDD, RSA, 20 J u l  55, subj :  Combustion I n s t a b i l i t y  i n  t h e  427 SGT 
M t r .  F i l e  same. (4) JAAPITCC Rept  TLD 320-66-290, June 1966, 
op. c i t . ,  pp. 25, 30-35, 79-80, 82. RSIC. 

13 
(1) Ib id . ,  pp. 35-37, 79-82, 85-86. (2) The 18 JPL-477 

f l i g h t  t e s t  motors c a r r i e d  the  development program through t h e  
l a s t  5 Phase I f i r i n g s  completed i n  November 1957, t h e  10-round 
Phase I1 f l i g h t  t e s t  program i n  1958, and t h e  f i r s t  3 Phase 111 
f i r i n g s  completed i n  March 1959. A t  t h a t  point ,  t h e  JPL-477 
motor gave way t o  t h e  f i n a l  JPL-500 s e r i e s  which w i l l  be d i s -  
cussed l a t e r .  S t a t i c  t e s t  da ta  f o r  the  JPL-477 motors a r e  
presented i n  Table 3, Appendix 111. 
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Concurren t ly  w i t h  development of  t h e  c o n s t a n t - t h r u s t ,  

moderate-performance motors,  Thiokol  began work on a r e g r e s s i v e -  

t h r u s t ,  high-performance motor des ign .  The o b j e c t i v e  of t h i s  

p a r a l l e l  e f f o r t  w a s  t o  provide  a l i g h t e r  and s h o r t e r  m i s s i l e  

w i t h  a reduced burning t ime and thereby  s i m p l i f y  f i e l d  handl ing  

and t h e  des ign  of t h e  m i s s i l e  range  c o n t r o l  computer. During 

t h e  1956-57 per iod ,  Thiokol  i n v e s t i g a t e d  f o u r  high-performance 

des igns  having r e g r e s s i v e - t h r u s t  c h a r a c t e r i s t i c s ,  bu t  none of  

them proved succes s fu l .  The f i r s t  of t hese ,  t h e  JPL-432, used 

JPL-135 p r o p e l l a n t  and had a c a s e  l e n g t h  of  132.5 inches.  S c a l e  

model t e s t s  of t h i s  motor i nd ica t ed  combustion i n s t a b i l i t y  and 

no f u l l - s c a l e  models were f i r e d .  The o t h e r  t h r e e  motors ( t h e  

JPL-474, -476, and -484) d i f f e r e d  from t h e  JPL-432 c h i e f l y  i n  

c a s e  l e n g t h  and propel lan t .14  A s  be fo re  scale-model s t a t i c  

t e s t s  of t h e s e  motors i nd ica t ed  combustion i n s t a b i l i t y .  One 

f u l l - s c a l e  484 motor, s t a t i c  t e s t e d  i n  September 1957, e x h i b i t e d  

u n s t a b l e  burning and t h e  motor c a s e  f a i l e d  a t  0.910 second a f t e r  

i g n i t i o n .  Zork on rcgr es s ive -  L h u s  L, higl~-pei-foi-iiia~-~ce motoi-s 

was then  abandoned i n  f avo r  of t h e  JYL-491 c o n s t a n t - t h r u s t ,  

high-performance des ign .  

The JPL-491 used t h e  same propcLlant  g r a i n  con f igu ra t ion  a s  

t h e  JPL-477 c o n s t a n t - t h r u s t  motor, b u t  it had a s h o r t e r  c a s e  

l e n g t h  of 120 inches and used t h e  high-performance JPL-136A pro- 

p e l l a n t .  Following a s e r i e s  of scale-model f i r i n g s ,  Thiokol  

s t a t i c  t e s t e d  one f u l l - s c a l e  491 motor on 26 September 1957. 

Unstable  burning occurred  a f t e r  4.5 seconds and t h e  c a s e  f a i l e d  

a t  16.5 seconds. A s  a r e s u l t ,  Thiokol  stopped work on t h e  high- 

performance motor and turned  i t s  a t t e n t i o n  t o  theQevelopment of 

1 4 ~ h e  474 motor had a 109-inch c a s e  l e n g t h  and used high- 
performance JPL-1.36 p r o p e l l a n t ;  t h e  476 was 137 inches long and 
used moderate-performance T-17E1 (TRX-1lOA) p r o p e l l a n t ;  and t h e  
484, w i t h  a c a s e  l e n g t h  of 120 i.nchcs, used JPL-136 p r o p e l l a n t .  
See Table  2 ,  Appendix 111. - 



, a more du rab le  p r o p e l l a n t  f o r  t h e  moderate-performance JPL-477. 
15 

Thi s  work l e d  t o  t h e  1 0 t h  and f i n a l  motor design,  t h e  JPL-500, 

which emerged dur ing  t h e  Experimental Model phase i n  1958-59. 
16 

-- 

, Launcher Development 

JPL began mechanical development of t h e  ground equipment i n  

mid-1955, i ts  i n i t i a l  e f f o r t  being focused on t h e  f a b r i c a t i o n  of  

hardware f o r  t h e  Phase I f l i g h t  t e s t s .  The f i r s t  t h r e e  rounds 

were f i r e d  from t h e  i n t e r i m  RGrD launcher;  i . e . ,  a n  i n t e r i m  t r a n s -  

p o r t e r  and t ab l e - type  launcher  w i th  a  gant ry  c r ane  t o  e r e c t  t h e  

m i s s i l e .  The F e a s i b i l i t y  Model launching s t a t i o n ,  f a b r i c a t e d  by 

JPL and used f o r  t h e  l a s t  f i v e  Phase I f l i g h t  t e s t s ,  cons i s t ed  of 

a s imple t r i a n g u l a r  s t e e l  frame on which was mounted a t u r n t a b l e  

7 f e e t  i n  diameter .  The ground monitoring and c o n t r o l  equipment 

f o r  t h e s e  e a r l y  f l i g h t  t e s t s  cons i s t ed  of d i s c r e t e  measuring 

instruments  and manual contro1.s designed f o r  t h e  s p e c i f i c  r e -  

quirement of i n d i v i d u a l  rounds. Pro to type  automatic  sens ing  and 

parameter i n s e r t i o n  methods were eva lua ted  during t h e  Phase I 

f l i g h t s ,  b u t  a l l  of t h e  f i r i n g  s e t  func t ions  and hardware l ayou t  

con f igu ra t ions  were not  f i r m l y  e s t a b l i s h e d  u n t i l  l a t e  i n  t h e  

Phase I1 Experimental Model program. 
17 

While t h e  Phase I f l i g h t '  t e s t s  were i n  progress ,  SUEL was 

phased i n t o  t h e  program a s  R&D co-contractor18 and began work on 

t h e  Experimental Model launcher .  I n  ca r ry ing  ou t  i t s  f i r s t  t h r e e  

t a s k  assignments under subcont rac t  wi th  JPL, Sper ry  i n t e g r a t e d  

t h e  r e s u l t s  of JPL ' s  f a b r i c a t i o n  and t e s t i n g  e f f o r t s  i n t o  a  

45(1) LMFITCC Rcpl. TLn 320-66-290, June 1966, op. c i t . ,  pp. 
37-40. RSICo (2) DF, Chf, RDD-EfL ,  t o  CG, RSA, 12 Sep 57, subj :  
F a i l u r e  of SGT M t r  No. 38. SPSF, Bx 13-813, RHA, (3) TT ORDDW- 
GMS-946, CG, RSA, t o  CofOrd, 3  Oct 57. F i l e  same. 

16see  - below, pp. 142-46. 
1 7  
L I 

JPL F i n a l  Rept 20-1-37, 1 Oct 60, pp. 21-23, 76, 175. RSIC. 

18see - above, pp. 4Sff .  
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complete experimental launching s t a t i o n  f o r  use  i n  the  i n i t i a l  

Phase I1 f i r i n g s  . 19 

F e a s i b i l i t y  Model Launcher Experimental Model Launcher 

Airframe-Propulsion. F e a s i b i l i t y  F l i g h t  Tes t s  

The JPL t e s t  crew a t  t h e  White Sands Proving Ground f i r e d  

t h e  e i g h t  airframe-propulsion f e a s i b i l i t y  demonstration rounds 

during t h e  1956-57 period,  using the  in ter im blockhouse f a c i l i -  

t i e s  i n  Army Launch Area 1 (ALh-1). These f a c i l i t i e s  had been 

used f o r  CORPORAL f i r i n g s  and were modified t o  handle t h e  

SERGEANT u n t i l  permanent f a c i l i t i e s  could be b u i l t .  Completed 

i n  December 1957, the  permanent SERGEANT f a c i l i t y  i n  ALA-2 

included a m i s s i l e  assembly and blockhouse bui ld ing,  launching 

"(1) JPL F i n a l  Rept 20-137, 1 Oct 60, pp. 23-24. RSIC. 
(2) -- Also see  below, pp.125-26. 
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pad, genera tor  bui ld ing,  a i r  pad, explosives s to rage  igloos,  and 

a walkthrough tunnel  connecting t h e  launching pad wi th  t h e  block- 

house . 20 

<: The f i r s t  t h r e e  rounds were equipped with t h e  JPL-329 rocket  

motor and launched from t h e  in te r im table-type launcher. ~ h ;  

primary ob jec t ives  of t h e s e  i n i t i a l  f i r i n g s  were t o  evaluate  t h e  

a i r f rame design and t o  determine t h e  extent  of aerodynamic heat -  

ing. Rounds 1 and 2, f i r e d  on 19 January and 28 February 1956, 

r e spec t ive ly ,  were flown f o r  maximum range, while Round 3, f i r e d  

on 24 Apr i l  1956, was a minimum range t e s t .  The second round 

was i n t e n t i o n a l l y  broken up j u s t  before  impact and t h e  p ieces  

recovered f o r  a s tudy of t h e  e f f e c t s  of aerodynamic heat ing.  

Except f o r  some dragbrake and e l e c t r o n i c  f a i l u r e s ,  these  tests 

success fu l ly  m e t  t he  ob jec t ives  and provided t h e  d a t a  needed f o r  

e s s e n t i a l  design changes i n  the  succeeding t e s t  rounds. 

The l a s t  f i v e  Phase I miss i l e s  were equipped wi th  t h e  JPL- 

477 rocket  motor and f i r e d  from t h e  JPL-buil t  Feas ibF l i ty  Mgdel 

launcher during t h e  period 3 November 1956 t o  26 November 1957. 

These f i r i n g s  success fu l ly  demonstrated t h e  f e a s i b i l i t y  of the  

a i r f rame and propulsion u n i t ,  and provided valuable  da ta  on 

e a r l y  vers ions  of t h e  i n e r t i a l  guidance, launching, and support 

equipment elements of t h e  system. Although some of t h e  miss i l e s  

f a i l e d  t o  meet a l l  of t h e  t e s t  ob jec t ives ,  none of t h e  f a i l u r e s  

was a t t r i b u t e d  t o  t h e  JPL-477 motor which performed s a t i s f a c t o r i l y  

i n  a l l  of t h e  t e s t s .  The m i s s i l e  component g iv ing t h e  most 

t roub le  was the  dragbrake o r  range con t ro l  mechanism which mal- 

functioned i n  f i v e  of t h e  e igh t  rounds f i r e d .  The JPL engineers 

made severa l  changes in  the  dragbrake design during the  Phase I 

f l i g h t  t e s t s ,  and f u r t h e r   change.^ would be necessary i n  the  

succeeding phases t o  overcome funct ional  problems. The l a s t  

m i s s i l e  i n  the  s e r i e s  was un in ten t iona l ly  destroyed a f t e r  193 

2 0 ~ ~ ~  F i n a l  Ilept 20-137, 1 Oct 6 0 , - p .  6. RSIC .  
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I . . 

seconds of f l i g h t ,  but  most of the  t e s t  objec t ives  were achieved. 
2 1 

The da ta  accumulated i n  the  airframe-propulsion f l i g h t  t e s t s  

and labora tory  s t u d i e s  l e d  t o  s i g n i f i c a n t  changes i n  the  physical  

c h a r a c t e r i s t i c s  of the  miss i l e .  The Experimental Model miss i l e s  

f abr ica ted  f o r  t h e  Phase I1 f l i g h t  t e s t s  beginning i n  e a r l y  1958 

fea tured a f i n e r ,  longer nose design; a longer guidance compart- 

ment t o  accommodate the  e x t r a  equipment required f o r  the  a l l -  

i n e r t i a l  guidance system; truncated f i n s  ins tead of the  o r i g i n a l  

t r i a n g u l a r  design; a redesigned dragbrake compartment t o  provide 

a l a r g e r  brake blade area;  and t h e  improved JPL-477 rocket  engine 

which was 30.5 inches s h o r t e r  and 1,557 pounds l i g h t e r  than the  

o r i g i n a l  JPL-329 design. 
22 

.. * ~ 

Another noteworthy change r e s u l t i n g  from the  Phase I design 

s t u d i e s  concerned the  m i s s i l e  packaging concept. The o r i g i n a l  

design consis ted  of a s p e c i a l  conta iner- t ranspor ter  f o r  the  

completely assembled miss i l e ,  l e s s  warhead, with two warhead 

conta iners  t o  be c a r r i e d  on a standard Amy 2.5-ton t ruck.  A 

f e a s i b i l i t y  design study of t h i s  approach, completed i n  l a t e  

1955, indica ted  t h a t  i f  the  m i s s i l e  were t o  be shipped a s  one 

assembly, the  conta iner- t ranspor ter  and erector-launcher would 

have t o  be q u i t e l a r g e  and complex. Moreover, the  conta iner-  

t r anspor te r  would not  be Phase I1 a i r  t ranspor table  with t h e  

bogie a t tached;  i t s  s i z e  and shape would c r e a t e  camouflage 

problems; and i t  would be d i f f i c u l t  t o  provide a suspension 

system adequate t o  p ro tec t  the  guidance sec t ion  and support the  

weight of t h e  motor. 

I n  view of these  inherent  disadvantages, JPL, i n  1956, 

21(1) SGT Blue Book Suppl, 1 J u l  56, p. 42. His t  Div F i l e .  
(2) TT ORDDW-QZS-946, CG, RSA, t o  CofOrd, 3 Oct 57. SPCF, Bx 13- 
813, RHA. ( 3 )  For a d e t a i l e d  account of the  experiments and 
r e s u l t s ,  see Table 1, Appendix I V .  

"(1) SGT Blue Book Suppl, 1 J u l  56, p. 5. His t  Div F i l e .  
(2) JPL F i n a l  Rept 20-137, 1 Oct 60, pp. 46-48. RSIC. 



adopted t h e  mul t ip i ece  n i s s i l e  concept ,  whereby t h e  m i s s i l e  would 

be  packaged in fou r  s e p a r a t e  s e c t i o n s :  t h e  nose assembly, inc lud-  

ing warhead; guidance s e c t i o n ,  w i t h  dragbrakes a t t ached ;  r o c k e t  

motor, w i t h  a f t  body s e c t i o n  a t t ached ;  and f i n  assemblies  w i t h  

i n t e g r a l  se rvos .  The nose assembly and rocke t  motor s e c t i o n  

would be  d e l i v e r e d  d i r e c t l y  t o  t h e  f i r i n g  a rea .  The guidance 

s e c t i o n  and f i n  assembly would be d e l i v e r e d  t o  t h e  t e s t  a r e a  f o r  

checkout be fo re  going t o  t h e  f i r i n g  a r e a .  A l l  f o u r  of t h e  m i s s i l e  

s e c t i o n s  would be  t r a n s p o r t e d  i n  t h e i r  c o n t a i n e r s  on s tandard  

Army cargo  t rucks  not  i d e n t i f i a b l e  a s  a p a r t  of t h e  guided m i s s i l e  

system. I n  t h e  f i r i n g  a r e a ,  they  would be  assembled on t h e  

launcher  by means of s imple  h o i s t i n g  equipment on t h e  e r e c t o r -  

launcher  and quick-connect f i t t i n g s .  23 

Warhead and Adaption K i t  Developments 

The l a c k  of f i r m  and t imely  guidance on t h e  SERGEANT warhead 

and adapt ion  k i t  requirements  presented  se r rous  problems dur ing  

t h e  e a r l y  des ign  s t a g e  of t h e  m i s s i l e .  The t e c h n i c a l  requirements  

i ssued  t o  JPL d i d  no t  provide  det.ai.led s p e c i f i c a t i o n s  f o r  t h e  

warhead b u t  des igna ted  t h e  primary warhead a s  being nuc lea r  i n  

n a t u r e  and 1,500 pounds i n  weight .  Warhead des ign  was not  JPL's 

r e s p o n s i b i l i t y .  Therefore ,  u n t i l  such r e s p o n s i b i l i t y  was e s t ab -  

l i s h e d ,  t h e  f i n a l  a i r f r a m e  des ign ,  aerodynamic conf igu ra t ion ,  

and guidance l i m i t a t i o n s  and parameters  could n o t  be determined. 

To f o r c e  a d e c i s i o n  Sn some of t h e s e  a r e a s ,  JPL, i n  A p r i l  1956, 

c a l l e d  a meeting of a l l  i n t e r e s t e d  agencies  and presented  i t s  

concept of t h e  o v e r a l l  program. A t  t h a t  t ime, it was agreed 

t h a t  t h e  des ign  of t h e  warhead s e c t i o n  s t r u c t u r e  t o  be undertaken 

2 3 
(1)  I b i d . ,  p.  39. (2)  Army Ord Tech Ln Rept,  6 J a n  - 6 Apr 

56, RSA LnO, JPL, 13  Apr 56, p. 13. SPCF, Bx 14-215, RHA. (3)  
SGT Presrl Given t o  ):I-. Frank H. Kiggins,  ASA ( L o g i s t i c s )  , 23 Aug 
57, a tchd  a s  i n c l  t o  DF, SGT Pro j  D i r ,  t o  C G ,  RSA, et al., 27 Aug 
57, subj :  Presn  t o  ASA ( L o g i s t i c s ) .  SPCF, Rx 13-813, RHA. 



by JPL would be optimized f o r  t h e  primary payload. The agencies 

involved i n  development of secondary warheads could design s t r u c -  

t u r e s  f o r  t h e i r  own payload, but  such designs would have t o  

conform t o  t h e  c r i t e r i a  e s t ab l i shed  f o r  t h e  standard warhead 
, 

sec t ion .  The t e n t a t i v e  c r i t e r i a  furnished by JPL spec i f i ed  a 

warhead compartment weight of 1,800 pounds. However, a s  a r e s u l t  

of subsequent changes i n  aerodynamic conf igura t ion  of the  miss i l e ,  

t h e  Laboratory reduced t h e  t e n t a t i v e  weight t o  1,643 pounds, and 

advised t h a t  a f i rm f i g u r e  could no t  be e s t ab l i shed  u n t i l  s e l ec -  

t i o n  of t h e  primary warhead. 24 

Since  a leadtime of some 12 months would be requi red  f o r  

development and f a b r i c a t i o n  of t h e  adaption k i t  and warheads f o r  

f l i g h t  t e s t s ,  an e a r l y  decis ion  on the  primary warhead was 

e s s e n t i a l .  The Pica t inny Arsenal and Diamond Ordnance Fuze 

Laboratories  (DOFL) had begun f e a s i b i l i t y  design s t u d i e s  on t h e  

adaption k i t  and rada r  fuze i n  l a t e  1955, basing t h e i r  e f f o r t s  

on the  assumption t h a t  e i t h e r  t h e  TX-43 o r  XJ-47 type device 

would be chosen. I n  February 1956, Redstone Arsenal drew up a 

development plan and submitted it f o r  DA S ta f f  approval. 25 F i n a l  

a c t i o n  on the  proposed plan, however, was dependent upon the  

s e l e c t i o n  of t h e  primary warhead, and it soon became evident  

t h a t  an e a r l y  decision.would not  be forthcoming. 

On 26 J u l y  1956, r ep resen ta t ives  of Picat inny Arsenal and 

t h e  Sandia Corporation met a t  JPL t o  d iscuss  problems involving 

t h e  delayed decis ion  on t h e  primary 

t r a r y  t o  JPL's previous reques t  f o r  

warhead i n s t a l l a t i o n .  Con- 

an e a r l y  decis ion ,  the  Sandia 

24(1) JPL F i n a l  Rcpt 20-137, 1 
L t r ,  CG, RSA, t o  CofOrd, 26 J u l  56, 

Oct 60, p. 154. RSIC. (2) 
subj:  SGT Whd Dev. SPCF, 

Bx 13-813, RHA. (3) L t r ,  CO, PA, t o  CG, RSA, n.d. ( c i r c a  21 Aug 
56), sub j : SGT Whds . F i l e  same. 

25(1) SS OKDXR-RS-27, N(G?bl C o d r ,  d . t .  29 J u l  58, subj:  
SGT Whd. (2) ABTIA R~ept, SGT Lead Time Case Study, 9 May 61, 
pp. 5, 21-22. Both i n  H i s t  Div F i l e .  



- .--. 

r ep resen ta t ives  advised t h a t  t h e  Phase I1 F e a s i b i l i t y  Study Group 

wanted t o  postpone t h e  f i n a l  s e l e c t i o n  a s  long as poss ib le  t o  

a l low time f o r  more tests and thus a s su re  the  bes t  poss ib le  

des ign and most e f f i c i e n t  use  of c r i t i c a l  mater ia l .  Since an 

opera t iona l  warhead could be ready f o r  t a c t i c a l  use  a f t e r  a ' 

development period of only 3 years ,  they concluded t h a t  t h e  Phase 

I1 f e a s i b i l i t y  s tudy should be delayed u n t i l  mid-1957. The f i n a l  

choice of a warhead would be made no e a r l i e r  than mid-1958 nor 

later than mid-1959, which would be c o n s i s t e n t  wi th  the  e x i s t i n g  

system readiness  d a t e  of October 1.062. 

. The problem here  was t h a t  JPL planned t o  begin Engineering 

Model f l i g h t  t e s t s  i n  1959. These rounds were t o  s imula te  

a c t u a l  t a c t i c a l  use and demonstrate the  readiness  of the  design 

f o r  i n d u s t r i a l  production. Hence, any unexpected influences 

from t h e  warhead and i t s  a n c i l l a r y  equipment would have t o  be 

pinpointed and cor rec ted  e a r l y  i n  t h e  f l i g h t  tests i n  order  t o  

m e e t  t h e  opera t iona l  da te .  The Sandia r ep resen ta t ives  pointed 

out  t h a t  t h e i r  design ob jec t ives  were t o  produce a device r equ i re -  

ing e s s e n t i a l l y  no checkout o r  s p e c i a l  handling and p r a c t i c a l l y  

no f i n a l  monitoring before  f l i g h t .  Therefore,  they could foresee  

no problems i n  allowing the  m i s s i l e  development t o  go on t o  a 

complete s t a t e  without  t h e  warhead being present  i n  a near- 

func t iona l  form. JPL and Pica t inny Arsenal agreed t h a t  i t  was 

reasonable and p r a c t i c a b l e  t o  de fe r  the  choice of a warhead 

u n t i l  about mid-195s ; however, it was impcrat ive  t h a t  adapt ion 

k i t  development be far enough a long  a t  t h a t  time t o  determine 

i t s  inf luence  on t h e  n i s s i l e  and v ice  versa .  To meet t h i s  

timeframe, i t  was agreed t h a t  P ica t  inny Arsenal should begin 

adaption k i t  development immediately on the  b a s i s  of an assumed 

warhead design, preferably  one se lec ted  from the  cu r ren t  family. 

The only stumbling block was t h a t  the  Arsenal ' s  1957 funds f o r  

adaption k i t  development had been c u t  of f  and g e t t i n g  them 

res to red  would take  time. 

11 4 



I n  a l e t t e r  t o  t h e  Chief of Ordnance on 27 J u l y  1956, D r .  

P i cke r ing  o u t l i n e d  t h e  c r i t i c a l  need f o r  immediate i n i t i a t i o n  of 

adapt ion  k i t  and f u z e  development, and urged t h a t  P i ca t inny  

Arsena l  be fu rn i shed  t h e  necessary  funds. 26 
Seven months l a t e r ,  

i n  February 1957, t h e  Of f i ce ,  Chief of Research & Development 

( 0 0 )  funded t h e  program f o r  $700,000. The Sec re t a ry  of t h e  

Army, i n  December 1957, o f f i c i a l l y  approved t h e  XM-91 adapt ion  

k i t  development program which was expected t o  c o s t  a t o t a l  of 

$6,715,000 f o r  t h e  FY 1957-63 period.27 Meanwhile, DOFL began 

des ign  and c o n s t r u c t i o n  of t h e  T3024 f u z e  i n  August 1957, and 
28 

work on t h e  XM-91 adapt ion  k i t  commenced a t  P ica t inny  Arsena l  

i n  November 1957, j u s t  as t h e  Phase I airframe-propulsion f l i g h t  

t e s t s  ended. 2  9 - -- 
The Phase I1 F e a s i b i l i t y  Study Group submit ted t h e  i n i t i a l  

r e p o r t  on s e l e c t i o n  of t h e  primary warhead t o  t h e  Department of 

t h e  Army i n  January  1958; however, t h e  f i n a l  d e c i s i o n  was pos t -  

poned pending another  meeting of t h e  group i n  J u n e  1958. Th i s  

meeting r e s u l t e d  i n  a n  addendum t o  t h e  o r i g i n a l  s tudy  which 

reached Washington i n  August 19%. The Off i c e ,  Sec re t a ry  of 

26(1) Rept of Discuss ion  Btwn PA, Sandia Corp., & JPL, on 26 
J u l  56, subj :  S e l e c t i o n  of Whd f o r  SGT. (2)  L t r ,  D i r ,  JPL, t o  
CofOrd, 27 J u l  56, subj :  SGT Whd, w l inc l :  Sum, SGT Whd S e l e c t i o n  
& AK Dev. Both i n  SPCF, Bx 13-826, RHA. 

27(1) OTCM 36675, 12 Dec 57. RSIC. (2)  Development of t h e  
adapt ion  k i t  and a s s o c i a t e d  t e s t  and handl ing equipment extended 
i n t o  FY 1964 and t h e  RDTE c o s t  n e a r l y  t r i p l e d  t h e  o r i g i n a l  e s t i -  
mate, w i t h  an  expendi ture  of $19 m i l l i o n .  - See Table  8 ,  p. 242. 

2 8 ~ h e  purpose of t h e  adapt ion  k i t  w a s  t o  marry t h e  warhead 
t o  t h e  m i s s i l e  i n  such a  manner as t o  perform s a f e t y  and arming 
func t ions .  The end item (warhead sec t ion )  would c o n s i s t  of t h e  
XM-91 adapt ion  k i t  and i t s  r e l a t e d  t e s t ,  handl ing,  and c a l i b r a -  
t i o n  equipment, w i t h  t h e  atomic warhead and m i s s i l e  nose s k i n  
s e c t i o n s .  

29(1) TT ORDDW-GMS-836, CG, RSA, t o  CO, FA, 22 Aug 57. SPCF, 
Bx 13-813, RHA. (2)  PA Rept No. ORDBB-TK-710, Nov 1961, subj :  
Tech Fam C r s  f o r  SGT Whd Sec XM62163 ( 2  Vols) ,  Vol I, H i s t  of Dev, 
p. 6.  SPCF, Bx 14-24, MU.  (3)  OTC1.I 36675, 12 Dec 57. RSIC. 



Defense, on 10  October 1958, reques ted  t h e  Chairman of t h e  Atomic 

Energy Commission t o  i n i t i a t e  Phase 111 development of t h e  war- 

heads proposed i n  t h e  r e v i s e d  study.30 Act ion  on t h e  r eques t  

was then  delayed u n t i l  r e c e i p t  of approved warhead and adapt ion  
3 1 k i t  P3C's which were n o t  forthcoming u n t i l  January  1959. By 

t h a t  time, f l i g h t  tests of adapt ion  k i t  components had been i n  

p rog res s  f o r  some 7 months, i n i t i a l  t e s t s  having begun i n  June  

1958. More impor tan t ly ,  t h e  system r e a d i n e s s  d a t e  had been 

advanced from October 1962 t o  August 1961, reducing t h e  develop- 

ment l ead t ime  by 1 4  months and f o r c i n g  t h e  missile and warhead 

agencies  t o  work a g a i n s t  an  extremely c l o s e  deadl ine ,  which, 

i n c i d e n t a l l y ,  was never  met. 3 2 

No l e s s  f r u s t r a t i n g  were t h e  de l ays  encountered i n  t h e  

secondary warhead programs. The Chief of Ordnance i n i t i a t e d  t h e  

T53 f ragmenta t ion  warhead p r o j e c t  a t  t h e  B a l l i s t i c  Research 

Labora to r i e s  i n  June  1955 and t r a n s f e r r e d  t h e  r e s p o n s i b i l i t y  f o r  

tec.hrlica3 supe rv i s ion  t o  P i ca t inny  Arsena l  i n  June 1956. DOFL 

rece ived  o r d e r s  i n  J u l y  1957 t o  begin t h e  des ign  of a fuze  f o r  

t h e  T53; however, owing t o  a l a c k  of funds i n  t h e  FY 1958 budget,  

warhead development was l i m i t e d  t o  drawing board s t u d i e s .  The 

necessary  R&D funds were approved i n  t h e  FY 1959 budget and f u l l -  

s c a l e  development of t h e  T53 began i n  Ju ly  1958, wi th  Minneapolis- 

Honeywell a s  prime c o n t r a c t o r  t o  P i ca t inny  Arsenal .  33 But be fo re  

t h e  end of t h a t  f i s c a l  year ,  t h e  requirement: f o r  t h e  fragmentat ion 

warhead was cance l l ed  and a l l  clevclopnient e f f o r t  ceased.  34 

3 0 ~ ~ ~  M s l  Sys Plan,  ARWA MSP-2, 24 Feb 59, pp. 6(D) - 8(D). 
H i s t  Div F i l e .  

3 1 - ~ e e  - above, p. 71. 

3 2 ~ h e  events  l ead ing  t o  s c c e l e r a t i o n  of t h e  program i n  e a r l y  
1958 and t o  t h e  subsequent 10-month s l i p p a g e  from ~ u g u s t  1961 t o  
June 1962 w i l l  be  d iscussed  l a t e r .  

33SGT Msl Sys Plan,  ARGWi PEP-?, 2$ Feb 59, pp. 8(D) - 9(D). 
H i s t  2i.v F i l e .  

3 L ' ~ e e  -- above, pp. 71-72. 
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The chemical and b i o l o g i c a l  warhead development programs were 

a l s o  delayed by a l a c k  of funds, t h e  e f f o r t  being l imi ted  t o  paper 

s t u d i e s  u n t i l  F Y  1959. The Cook Technological Center was t h e  

Chemical Warfare Laboratory 's  prime contrac tor  f o r  development of 

t h e  s p e c i f i e d  chemical warheads, and the  Aerojet  General ~ o r G o r a -  

t i o n  developed the  b io log ica l  warhead under con t rac t  with the  

Bac te r io log ica l  Warfare Laboratory. 3 5 

The number and geographical d i spe r s ion  of t h e  agencies and 

con t rac to r s  concerned wi th  t h e  SERGEAN?.warhead program presented 

a l i a i s o n  problem f o r  JPL. The accompanying map shows the  r e l a -  

t ionsh ip  and geographic loca t ion  of t h e  warhead agencies and 

prime subcontractors ,  with r e fe rence  t o  JPL and SUEL. 3 6 

- . . . .  - 

JPL Jel Propulsion Loborotory Posodeno. Col i f3rnio 
Anojel Aerojet Generol CO~P.  Downey. Colifornio 
W L  Sperry Utah Engineering Loborolory Sol1 Loke City, UtOh 
Sandlo Sondio Corporotion Albuquerque. New Mexico 
U-H Mlnneopolis-Honeywell Hopkins, M~n:;csoto 
b h  Cook Research Loborolory Morlon Grove, I l l inois 
PA P~col inny Arsenol Dover. New Jersey 
&,VL f+xterioIogicoI Worfore Lobcxotory Frederick, Morylond 
OOFL Dlornond Ordnonce Fuze Lobcrolory Washington, D.C. 
CWL Chemicol Worfore Loborolory Edgewood, Morylond 

Less thon 100 
Mon trips per yeor: -------- More lhon 100 

. . 

JPL Liaison With Cognizant Warhead 
Agencies and Prime Subcontractors .  

35~~~11AMSP-Z, op. c i t . ,  pp. 9 ( D )  - 10(D). 

3 6 ~ ~ L  F i n a l  Rept 20-137, 1 Oct 60, p. 157. RSLC. 
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Experimental Model Ground Equipment 

Development Support and Related Problems 

A s  t h e  prime system con t rac to r ,  JPL had complete responsi-  

b i l i t y  f o r  t h e  t echn ica l  and opera t ional  adequacy of a l l  items 

of equipment i n  t h e  SERGEANT weapon system, including t h e  items 

of support ing gear t h a t  would l a t e r  be broken out  and supplied 

by t h e  appropr ia t e  Government se rv ices .  F a l l i n g  i n  t h e  l a t t e r  

category were such items a s  a i r  condi t ioners ,  hea te r s ,  and 

power genera tors ,  t o  be supplied by t h e  Corps of Engineers; 

b a t t e r i e s  and communications equipment, t o  be supplied by t h e  

Signal  Corps; and veh ic les ,  t o  be supplied by the  Ordnance Tank- 

Automotive Command (OTAC) . I n  consonance wi th  t h e  provisions 

of i t s  F&D con t rac t ,  JPL would exe rc i se  t echn ica l  con t ro l  of 

the  design and performance c h a r a c t e r i s t i c s  of these  items u n t i l  

such time a s  t e s t s  indica ted  t h a t  the  t echn ica l  and opera t iona l  

requirerlieiits of the ~ ~ S t e i i i  were z e t .  Ncvcrthzlcss, it was 

incumbent on t h e  Laboratory t o  maintain c l o s e  l i a i s o n  wi th  t h e  

support ing agencies i n  order  t o  keep them informed on equipment 

requirements, t o  a s su re  maximum use of s tandard components and 

design p rac t i ces ,  and t o  b e n e f i t  from t h e i r  spec ia l i zed  knowledge 

and s k i l l s .  It was f o r  t h i s  purpose t h a t  Redstone Arsenal,  a t  

t h e  beginning of t h e  program i n  January 1955, inv i t ed  a l l  

i n t e r e s t e d  agencies t o  follow t h e  program and o f f e r  any advice, 

c r i t i c i s m ,  o r  suggest ions on items wi th in  the  purview of t h e i r  

r e spec t ive  missions. 
3 7 

Representat ives of some of the  supporting se rv ices  had 

d i f f i c u l t y  g e t t i n g  t h e i r  "foot i n  JYL's door," but  Redstone 

Arsenal soon correc ted  t h i s  by i s su ing  e x p l i c i t  s tatements of 

r e s p o n s i b i l i t i e s  and nego t i a t ing  acceptable  arrangements f o r  

3 7 Sec above, pp. 42-43. - 



3 8 t h e  interchange of information. The most d i f  f i c u l t  problem 

confronting the  Arsenal during the  1955-57 period concerned a 

mission d i spu te  wi th  OTAC which, while vigorously p r o t e s t i n g  i t s  

support ing r o l e  t o  Redstone and JPL, was preoccupied with a major 

reorganiza t ion  and "passively supported" t h e  m i s s i l e  program. 
3 9 

The mission argument stemmed from Redstone's app l i ca t ion  of the  

breakout d o c t r i n e  approved by t h e  Under Secre tary  of the  Army 

i n  May 1954 and perpetuated i n  t h e  formal mission statements 

published by t h e  Chief of Ordnance i n  June 1955. 

B r i e f l y ,  t h e  breakout doc t r ine  e s t ab l i shed  t h e  pol icy  t h a t  

OTAC would develop an automotive item f o r  a m i s s i l e  system only 

i f  it could be e a s i l y  separated from t h e  balance of t h e  system, 

and t h a t  r e s p o n s i b i l i t y  f o r  s p e c i a l  purpose vehicles4' would not  

be t r a n s f e r r e d  t o  OTAC unless  the  breakout of t h e  item was 

mutually compatible t o  Ordnance and t h e  prime con t rac to r .  

Ordnance Corps Order No. 20-55, i s s ~ l e d  on 1 June 1955, assigned 

t o  OTAC t h e  n a t i o n a l  ~ i s s i o n s  in the  t r a d i t i o n a l  tank-automotive 

f i e l d ,  bu t  placed t h e  Command i n  a support r o l e  t o  Redstone 

Arsenal wi th  r e spec t  t o  development of s p e c i a l  purpose veh ic les  

3 8 ~ o r  example, a r ep resen ta t ive  of t h e  Engineer R&D Labora- 
t o r i e s  (ERDL) complained t h a t  h i s  v i s i t  t o  JPL wi th  regard t o  t h e  
SERGEANT a i r  condi t ioner  development had been almost t o t a l l y  
unsuccessful .  Af te r  looking i n f o  the  matter ,  t h e  Corps of Engi- 
neers  Liaison Of f i ce r  a t  Redstone Arsenal concluded t h a t  t h e  
problem stemmed from t ~ o  f a c t o r s  : JPL ' s " inherent  exclus i.venessl' 
and i t s  f e a r  t h a t  ou t s ide  agencies were at tempting t o  "usurp i.ts 
prerogat ives  and respons i b i l i t i c s "  a s  prime con t rac to r .  (1) DF, 
LTC Neal E. Haggard, CE LnO, RSA, t o  D i r ,  ERDL, 1.3 May 57, subj:  
A i r  Condr Dev. ( 2 )  L t r ,  CG, RSA, th ru  CE LnO, RSA, t o  CG, EPaL, 
F t  Belvoi.r, Va . ,  22 May 57, subj :  Specs f o r  4.5-ton A i r  Condr f o r  
S2T M s l  Sys. Both i n  SPCF, Rx 13-813, RHA. 

39 
Rose Engelman, The Missj.1.e Sueport Program (HQ OTAC, Ju ly  

1959), pp. 1, 4, 6 .  

4 0 ~  s p e c i a l  purpose veh ic le  is  a se l f -propel led  o r  towed 
conveyance incorporat ing a s p e c i a l  chzss i s  and designed t o  meet 
a speciali.zed requirement. &t 310-,25, March 1969, pp. 414, 474. 



f o r  guided missile system ground equipment. Th i s  d i v i s i o n  of  

r e s p o n s i b i l i t y  was r e f l e c t e d  i n  Ordnance Corps Order No. 19-55, 

which d e l i n e a t e d  Redstone A r s e n a l ' s  n a t i o n a l  mission r e spons i -  

b i l i t i e s  f o r  complete rocke t  and guided m i s s i l e  systems. S h o r t l y  
/ 

a f t e r  p u b l i c a t i o n  of t h e s e  mission s ta tements ,  t h e  Chief of 

Ordnance a f f i rmed t h a t  t h e  breakout  d o c t r i n e  was s t i l l  a p p l i c a b l e  

t o  Redstone 's  mission,  and t h a t  r e s p o n s i b i l i t i e s  f o r  s p e c i a l  

purpose v e h i c l e s  would t h e r e f o r e  remain w i t h  t h e  Arsenal  un le s s  

such i t e m s  were broken o u t  by mutual agreement w i t h  t h e  prime 

c o n t r a c t o r .  
4 1 

Having concluded t h a t  t h e  SERGEANT s p e c i a l  purpose v e h i c l e s  

could no t  b e  e a s i l y  s epa ra t ed  from t h e  r e s t  of t h e  weapon system, 
- 

Redstone Arsena l  l e f t  t h e  R&D des ign  and procurement of such 

items i n  t h e  hands of JPL, w i t h  t h e  proviso  t h a t  it would 

main ta in  c l o s e  l i a i s o n  w i t h  OTAC and make maximum use  of 

s t anda rd  Ordnance components. From t h e  incep t ion  of  t h e  

. development e f f o r t ,  Redstone Arseoal furn ished  OTAC and t h e  

D e t r o i t  Arsenal  r e g u l a r  information on t h e  launching and handl ing 

a s p e c t s  of t h e  SERGFWKC, and r e p r e s e n t a t i v e s  of both Redstone 

and JPL made l i a i s o n  t r i p s  t o  D e t r o i t  t o  survey t h e  f i e l d  of 

s tandard  Army veh ic l e s .  On 31  August 1.956, Redstone formal ly  

s o l i c i t e d  c l o s e r  p a r t i c i p a t i o n  by OTAC, and on 22 October pro- 

v ided  t h a t  Command a p r o j e c t  o rde r  f o r  $15,000 i n  FY 1957 funds 

t o  covcr  t h e  reques ted  t e c h n i c a l  s e r v i c e s  and t r a v e l  expenses. 

However, OTAC r e fused  t o  accept  t h e  o rde r  because it was no t  a s  

d e f i n i t i v e  a s  an  i n d u s t r i a l  c o n t r a c t  and it d i d  n o t  g i v e  t h e  

Command f u l l  authori . ty  and c o n t r o l  over  t h e  des ign  of system 

v e h i c l e s .  It took over  8 months t o  r each  an agreement on 

mutual ly accep tab le  wording f o r  t h e  p r o j e c t  o rde r ,  which OTAC 

41(1) OrdC Orders 19-55 b 20-55, bo th  d t d  1 J u n  55. (2) 
L t r ,  CofOrd t o  CG, RSA, 20 J u l  55, subj :  Proc of SPV f o r  t h c  
NIKE Sys. H i s t  Div Fi1.e. 
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f i n a l l y  accepted on 4 June  1957. 42 

While the  above negot ia t ions  were i n  progress, OTAC and 

De t ro i t  Arsenal r ep resen ta t ives  made l i a i s o n  v i s i t s  t o  JPL t o  

look over the  SERGEANT ground equipment design.   ow ever, they 

f a i l e d  t o  submit a c t i v i t y  r e p o r t s  requi red  by the  p r o j e c t  order ,  

and Redstone Arsenal had t o  r e l y  on informal r e p o r t s  from t h e  

con t rac to r .  According t o  the  information relayed by JPL-and 

contrary  t o  l a t e r  OTAC cr i t ic isms- the  v i s i t o r s  seemed t o  be 

extremely pleased with t h e  equipment design and o f fe red  no 

c r i t i c a l  comments o r  suggest ions f o r  poss ib le  improvements. 

Following is  a synopsis of some of these  v i s i t s .  

On 13 December 1956, MAJ J .  William Wi t t ig  of t h e  Guided 
Miss i l e  Branch, I n d u s t r i a l  Division,  OTAC, v i s i t e d  JPL f o r  an 
o r i e n t a t i o n  on the  SERGEAW ground equipment. He was favorably 
impressed by t h e  o v e r a l l  design,  and thought t h e  low s i l h o u e t t e ,  
the  suspension system, and the  dropbed t r a i l e r  design were 
extremely good. 

O n  21 March 1957, M r .  Paul R. VznThielen, D e t r o i t  Arsenal,  
W E ,  v i s i t e d  JPL concerning vehicular  requirements. H i s  comment 
was t h a t  he was very pleased t h a t  JPL had new independent designs 
but  used standard components where f e a s i b l e .  

I n  mid-May 1957, M r .  Louis Speidel ,  Jr., De t ro i t  Arsenal,  
R&D, v i s i t e d  JPL t o  look over the  equipment. I n  p a r t i c u l a r ,  he 
brought drawings t h a t  JPL had requested on s p e c i f i c  s tandard 
components which t h e  Laboratory intended t o  inves t iga te .  43 

I n  October 1957, a s  the  design and f a b r i c a t i o n  of t h e  XM-101 

erector- launcher neared completjon, the  Commander of Redstone 

42(1) L t r ,  CG, RSA, t o  CG, OTAC, 31 Aug 56, subj:  Dev Spt 
of the  SGT 0 1  Proj ;  6 1 s t  Ind, CG, CUAC, t o  CG, RSA, 21 Sep 56. 
(2) RSA Program Scd 7040 5130 13 72407, t o  CG, OTAC, 22 Oct 56. 
(3) Dl?, SGT Proj  D i r  t o  Chf, PMS, -- e t  a l . ,  29 J a n  57, subj:  Case 
His t  of OTAC Par t  i n  SGT Proj .  (4) DF, Chf, SSM B r ,  PIG, RDD, 
t o  RSA LnO, JPL, 5 Jun 57, subj:  OlAC P a r t  i n  the  SGT Proj .  A l l  
i n  SPCF, 13x 13-813, M A .  

43~1-,  SGT Proj  D i r  t o  Chf, SSP1 Br, PHs, 15  Aug 57, subj  : 
UTAC Par t  i n  the  SGT Gnd Equip. SPCF, Bx. 13-813, RHA. 
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Arsenal reminded t h e  Commanding General of OTAC t h a t  a c t i v i t y  

r e p o r t s  required by t h e  p r o j e c t  order  were not  being submitted 

and asked t h a t  such r e p o r t s  be furnished s o  t h a t  "we may have 

t h e  b e n e f i t s  of OTAC1s experience and c a p a b i l i t i e s  i n  t h e  

vehicular  f i e l d .  i n  a sepa ra te  l e t t e r  t h a t  same month, 

t h e  Arsenal Commander asked OTAC f o r  formal comments on the  

s u i t a b i l i t y  of t h e  SERGEANT veh ic le  design. When severa l  

telephone con tac t s  and followup w r i t t e n  reques ts  on 26 November, 

2 December, and 11 December 1957 f a i l e d  t o  produce a reply ,  t h e  

SERGEANT P r o j e c t  Di rec to r  concluded on 13 February 1958 t h a t  

" fu r the r  correspondence is  use less  and the  only course of a c t i o n  

i s  f o r  t h e  CG, Redstone t o  c a l l  t he  CG, OTAC and ask  i f  t h e r e  i s  

any reason why RSA should not  make an o f f i c i a l  complaint t o  OCO 

i n  t h i s  matter .  1145 

A s  a r e s u l t  of s imi la r  grievances r e l a t i n g  t o  o ther  guided 

m i s s i l e  systems, t h e  Arsenal Commander had a l ready r e g i s t e r e d  an 

. o f f i c i a l  complaint with OCO, charging t h a t  O T A C 1 s  support of t h e  

m i s s i l e  program was unsa t i s fac to ry .  Word of t h i s  complaint 

reached OTAC i n  January 1958, and a landmark confronta t ion  be- 

tween the  Commanders of Redstone and OTAC followed e a r l y  i n  

March. The Huntsv i l l e  conference marked t h e  turning point  both 

i n  the  c a l i b e r  of OTAC's m i s s i l e  support program and i n  r e l a t i o n s  

between t h e  two commands. By mid-March 1958, OTAC's miss i l e  

support program was on a sounder foot ing  than it had been a t  any 

time i n  the  p a s t .  46 

A formal OTAC rep ly  t o  Redstone's inqu i r i e s  on t h e  s u i t z -  

b i l i t y  of SERGEANT ground equipment came on 22 March 1958-more 

44Ltr, CG, RSA, t o  CG, OTAC, 18 Oct 57, subj:  OTAC P a r t  i n  
SGT Msl Sys Dev. SPCF, Bx 13-813, RIW. 

4 5 D ~ ,  SGT Pro j  D i r ,  t h r u  Chf, SSM B r ,  t o  Chf, PMS, 13 Feb 58, 
subj:  OTAC Pa r t  i n  SGT Proj .  F i l e  same. 

4 6 ~ o s e  Engelman, op. c i t . ,  pp. 13-17. 



than 3 months a f t e r  de l ive ry  and checkout of the  XM-101 launcher 

and j u s t  5 months before  cominencement of t h e  prel iminary R&D 

r e l e a s e  t o  i n d u s t r i a l .  OTAC l imi ted  i t s  comments t o  t h e  e rec to r -  

launcher, which it considered t o  be a well-developed piece of 

equipment t h a t  should be capable of meeting the  system opera t ional  

requirements. It agreed t h a t  a s p e c i a l  design was necessary t o  

meet these  requirements, the  only major problem envisioned being 

i n  t h e  Neidhart suspension system and i t s  a b i l i t y  t o  opera te  a s  

requi red  i n  low-temperature condit ions.  The Command indica ted  

t h a t  it was c u r r e n t l y  evaluat ing  the  ~ e i d h a r t  and t o r s i o n  bar  

suspension systems and an t i c ipa ted  s tandardiz ing one of these  

designs.47 This  marked t h e  beginning of a p ro t rac ted  debate t h a t  

continued over t h e  next  3 years.  Though o f f i c i a l l y  approved by 

t h e  Army General S ta f f  and re leased f o r  l imi ted  procurenent in  

l a t e  1958, t h e  s e m i t r a i l e r  with the  Neidhart system was dropped 

i n  1961 i n  favor of one with the  to r s ion  ba r  system proposed by 
4 8 

OTAC. A summary of t h e  major items of Experimental Model (XM) 

ground equipment and the  c r i t e r i a  used i n  t h e i r  design foiiows. 

Des ign Objectives and Guide1 ines  

I n  designing t h e  XM ground equipment, JPL was guided 

pr imar i ly  by t h e  mobi l i ty  and a i r  t r anspor t  requirements speci -  

f i e d  i n  t h e  SERGEANT, M C 1 s  and by the  standard Army guidel ines  

f o r  veh ic le  development. The l I C 1 s  c a l l e d  f o r  an in teg ra ted  

system of equipment capable of providing f o r  t h e  handling, 

servic ing,  launching, and guidance of the  mlss i l e ,  and f o r  

4 7 ~ ~ ,  Martin S c h i l l i n g ,  Chf, PXS, RDD, t o  CG, ARGMA, 3 Apr 
58, subj:  OTAC C m t s  on JIAWK and SGT 'Jehs. SPCF, Bx 13-813, Ka4. 

4 8 ~ o r  d e t a i l s  r e l a t i n g  t o  wealinesses and changes in  the  
weapon system management s t r u c t u r e  during the  1958-61 period,  
see  above, pp. 78-86. P a r t i c u l a r  a t t e n t i o n  is  inv i t ed  t o  foot -  - 
note  #48, page 85, with respect  t o  t h e  be la ted  decis ion  and the  
impact on the  SERGEAhT program schedule. -- Also see  below, pp. 
149-50, 175, 183-85, 214-15. 



detonat ion  of t h e  warhead a t  t h e  t a r g e t .  Spec i f i c  requirements 

wi th  r e spec t  t o  mobi l i ty  and a i r  t r a n s p o r t a b i l i t y  were: 

A l l  equipment i n  t h e  m i s s i l e  system s h a l l  be a s  mobile over 
unimproved roads and f i e l d  t e r r a i n  a s  heavy a r t i l l e r y .  It s h a l l  
be  e i t h e r  mounted i n  vans, t rucks ,  o r  t r a i l e r s ,  o r  be capable of 
being e a s i l y  loaded under f i e l d  condi t ions  i n t o  vans, t rucks ,  o r  
t r a i l e r s .  Spec ia l ly  designed t r anspor t ,  i f  any, should employ 
standard chass i s  t o  t h e  maximum ex ten t  poss ib le .  Vans should be 
standard where poss ib le .  . . . 

A l l  equipment i n  t h e  m i s s i l e  system s h a l l  be capable of 
t r a n s p o r t  without damage by a i r  i n  Phase I11 opera t ions  . . . . 
Capabi l i ty  of t r anspor t  by C-119 a i r c r a f t  [ i . e . ,  Phase I1 oper- 
a t i o n s ]  is h ighly  des i rable .49  

Although the  M C ' s  c a l l e d  f o r  a requi red  Phase I11 a i r  

t r anspor t  c a p a b i l i t y  ( t o p  weight l i m i t  50,000 pounds), JPL found 

t h a t  i t  would be poss ib le  a t  no a d d i t i o n a l  c o s t  t o  meet t h e  

des i red  Phase I1 c a p a b i l i t y .  This  meant, i n  e f f e c t ,  t h a t  no 

p iece  of equipment i n  t h e  system would wei.gh over t h e  16,000-lb. 

l i m i t  p rescr ibed f o r  t h e  C-119 type a i r c r a f t .  Redstone Arsenal 

r ev i sed  t h e  SERGEAEPT techn ica l  requirements t o  r e q u i r e  Phase I1 

a i r  t r a n s p o r t a b i l i t y  and t h e  equipment design proceeded on t h a t  

b a s i s .  
50 

The major items of ground equipment comprising t h e  i n i t i a l  

XM system were: (1) t h e  trailer-mounted XM-101 erector- launcher,  

upon which t h e  m i s s i l e  was assembled and f i r e d ;  (2) the  f i r i n g  

s t a t i o n ,  whose funct ions  were t o  opera te  t h e  erector- launcher,  

monitor t h e  m i s s i l e  on t h e  launcher, con t ro l  t h e  s t a b l e  platform 

alignment, i n s e r t  f i r i n g  parameters,  and f i r e  t h e  miss i l e ;  (3 )  

t h e  Guidance Tes t  S t a t i o n  f o r  automatic checkout of t h e  m i s s i l e  

assemblies; (4) t h e  F i e l d  Maintenance Tes t  S t a t i o n  f o r  t h i r d  and 

-- 

4 9 0 ~ ~ ~  35863, 16 Jun 55. (Sef Appendix I . )  

50(1) TT ORDDW-GNS-82, CG, KSA, t o  CofOrd, 11 Feb 58. (2)  
SGT Presn Given t o  Mr. Frank 11. Higgins, ASA (Log i s t i c s ) ,  23 Aug 
57, atchd a s  i n c l  t o  DF, SGT Proj  D i r  t o  CG, RSA, -- e t  a l . ,  27 Aug 
57, subj:  Presn t o  ASA (Log i s t i c s ) .  (3) TK #19, Rev 8 ,  3 Jun 57. 
A l l  i n  SPCF, Bx 13-813, RHA. 



f o u r t h  echelon maintenance of a l l  weapon system equipment; and 

( 5 )  shipping and s to rage  conta iners  f o r  t h e  four  m i s s i l e  sec t ions .  

A s  noted e a r l i e r ,  t h e  p lan  was t o  t r anspor t  t h e  m i s s i l e  sec t ions  

i n  t h e i r  conta iners  on standard cargo trucks.  A l l  o the r  items 

would be mounted on s e m i t r a i l e r s  and towed by standard t ruck 

t r a c t o r s ,  wi th  exception of t h e  f i r i n g  s t a t i o n  which would e i t h e r  

be mounted on t h e  erector- launcher o r  placed on a s tandard 2.5- 

ton t ruck.  (The f i r i n g  s t a t i o n  was l a t e r  mounted on t h e  e rec to r -  

launcher veh ic le ,  and a s p e c i a l  purpose s e m i t r a i l e r  was developed 

f o r  t r anspor t  of t h e  m i s s i l e  conta iners  when standard Army t rucks  

proved unsui table . )  

XM-101 Erector-Launcher 

The Sperry-bui l t  XM-101 launcher, de l ive red  i n  l a t e  1957, 

used a s e m i t r a i l e r  designed wi th in  t h e  s i z e  and weight l i m i t a t i o n s  

imposed by Phase I1 a i r  t r anspor ta t ion  requirements. 51 ~n s e l e c t -  

ing t h e  launcher design c h a r a c t e r i s t i c s  and components, JPL and 

Sperry gave prime considera t ion  t o  ease  of operat ion,  r e l i a b i l i t y ,  

and low cos t .  Although the  use of s tandard Army components was 

emphasized, t h e  r e l i a b i l i t y  and weight of much of t h a t  equipment 

were unacceptable f o r  t h e  SERGEANT design ob jec t ives .  The r e s u l t  

was a s p e c i a l  purpose v e h i c l e  incorporat ing both standard and 

non-standard components, the  l a t t e r  including t h e  gas tu rb ine  

generator ,  launcher supers t ruc tu re ,  t r a i l e r  frame, and the  con- 

t r o v e r s i a l  Neidhart suspension system. The non-standard tu rb ine  

genera tor  was adapted f o r  use wi th  t h e  SERGEANT u n t i l  such time 

a s  the  Corps of Engineers furnished a s u i t a b l e  s tandard replace-  

ment. The launcher supers t ruc tu re  a n d  t r a i l e r  frame were b u i l t  

of welded high t e n s i l e  s t e e l  f o r  the  requi red  s t r eng th  and 

r i g i d i t y ,  but  used standard Ordnance accessor ies ,  such a s  s e a l s ,  

va lves ,  l i g h t s ,  wheels, brakes, hydraulic  connectors, and 

51 
See above, pp. 107-108. - 



e l e c t r i c a l  con t ro l  equipment. JPL chose a ve r s ion  of the  Neidhart 

rubber spr ing  i n  preference t o  t h e  s tandard  a i r  r i d e  suspension 

system, pr imar i ly  because of i t s  s impl ic i ty ,  l i g h t e r  weight, 

g r e a t e r  r e l i a b i l i t y ,  and lower cos t .  5 2 
-- 

, 
The s p e c i a l  rubber-mounted suspension system designed f o r  

use wi th  t h e  SERGEANT v e h i c l e  was an  extension of t h e  bas ic  

Neidhart spring.53 It used a t r a i l i n g  arm and a s tandard Ordnance 

10,000-lb. suspension spindle .  Because of t h e  l a r g e  overhang, i t  

was necessary t o  add a s p h e r i c a l  bearing t o  r e s i s t  loads a t  t h a t  

point  where the  t r a i l i n g  arm joined the  square inner housing. 

The system had no opera t ing  p a r t s  except t h e  s p h e r i c a l  bearing 

and it was designed so  t h a t  l u b r i c a t i o n  would not  be required 

during i t s  use fu l  l i f e .  The brakedrum, brakes, wheels, and t i r e s  

were standard m i l i t a r y  u n i t s  adapted d i r e c t l y  from the  standard 

10,000-lb. Ordnance t r a i l e r  axle .  54 

Experimental F i r i n g  S e t s  

The e a r l y  ground monitoring and con t ro l  equipment remained 

i n  use through the  f i r s t  f i v e  Phase I1 f l i g h t  t e s t s .  Experimental 

52(1) JPL F i n a l  Rept 20-137, 1 Oct 60, pp. 23-24, 37. RSIC. 
(2) S t f  Study on SGT Erector-Lchr, OCO, 18 Feb 58, atchd t o  L t r ,  
00/8~-2046,  CofOrd t o  CG, RSA, 28 Feb 58, subj:  X m i t l  of Corres- 
pondence. SPCP, Bx  13-813, RHA. (3) L t r ,  D i r ,  JPL, t o  CofOrd, 
27 Nov 57, subj:  Use of the  Neidhart Spring. F i l e  same. 

53~amed f o r  i t s  inventor ,  Hr. E. F. Neidhart of the  General 
T i r e  & Rubbcr Company, t h e  patented Neidhart spr ing  c o n s i s t s  of 
an ou te r  housing, four  rubber rods, and a square inner  housing. 
I f  t h e  ou te r  housing is  r e s t r a i n e d ,  the  square inner housing w i l l  
r e s i s t  torques e l a s t i c a l l y .  These torques a r e  propor t ional  t o  
the  amount of r e l a t i v e  t w i s t  between the  outer  and inner housing. 
E l a s t i c  energy i s  s to red  i n  the  rubber rods. Because of the  
geometry, the  rubber i s  loaded i n  compression ins tead  of shear  
o r  tens ion (as  i n  the  case  of the  a i r  sp r ing) ,  which permits use 
a t  higher s t r e s s  i e v e l s  than normally associa ted  wi th  rubber 
suspension systems. w, 

5 4 ~ t r ,  D i r ,  JPI., t o  CofOrd, 27 Nov 57, subj:  Use of the  
Neidhart Spring. SPCF, Bx 13-813, RHA. 
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I 
Model Cir ing  s e t s  JPL 300 and 301 were phased i n  wi th  the  14th  

R&D f i r i n g  (Round 16) on 27 August 1958. The JPL 300 f i r i n g  s e t  

used R&D monitoring equipment, and t h e  JPL 301 contained experi-  

mental con t ro l  and automatic monitoring equipment packaged i n  a 

SERGF.ANT formfactor .  Both s t a t i o n s  were emplaced a t  WSMR behind 

a p ro tec t ive  concre te  barr icade  500 f e e t  from the  launching pad. 

A long f i r i n g  cab le  and remote con t ro l  panel accomplished the  

f i n a l  f i r i n g  of t h e  m i s s i l e  a t  a s a f e  distance.55 Experiments 

wi th  these  prel iminary f i r i n g  s t a t  ions l ed  t o  t h e  launcher-mounted 

JPL 302 f i r i n g  s e t  which w i l l  be discussed l a t e r .  

Tes t  S t a t i o n  Functions and Enclosures 

... 
The Guidance Tes t  s t a t i o n "  and F i e l d  Maintenance Tes t  S ta-  

%-k 
t i o n  were both housed i n  van-type enclosures and mounted on 

s p e c i a l  purpose s e m i t r a i l e r s .  The enclosures were o r i g i n a l l y  

designed wi th  canvas tops,  but  t h i s  approach was abandoned i n  

favor of t h e  hardtop vzn becauzc of severe opera t ional  and 
5 6 

environmental problems. As i n  the  case  of t h e  f i r i n g  s e t ,  t he  

R&D m i s s i l e  t e s t  equipment remained i n  use through the  f i r s t  

f i v e  Phase 11 f l i g h t  t e s t s ,  t he  XM t e s t  s t a t i o n  being phased i n  

wi th  t h e  14th  R&D f i r i n g  i n  August 1958. The XM FMTS was phased 

i n  with the  f i r s t  Phase I11 f l i g h t  t e s t  (F i r ing  No. 19) on 

-)I 

O ~ h e  Guidance Tes t  S t a t i o n  (GTS) was redcsignated a s  t h e  Miss i l e  
Tes t  S t a t i o n  (1lTS) i n  1958 and a s  t h e  Organizat ional  Maintenance 
Tes t  S t a t i o n  (OMIS) i n  1959. 

x* 
The F i e l d  Maintenance Tes t  S t a t i o n  (FMTS) was renamed the  Sys- 
tems Assembly Tes t  S t a t i o n  (SATS) i n  1958 but  took back i t s  
o r i g i n a l  name in  19 59. 

5 5 ~ ~ ~  F i n a l  Rept 20-137, 1 Oct 60, pp. 76-77. RSIC. 
5 6 

(1) - Ib id . ,  p. 34. (2) 2d Ind, Chf, Tech Dev B r ,  PIE, RDD, 
t o  Chf, SSM B r ,  D lS ,  RDD, 19 Dec 56, on Ofc Memo, Chf, Tech Plng & 
Eval, Tech Dev B r ,  t o  Chf, SSP1 B r ,  26 Sep 56, subj: Col lec t ive  
Protec t ion  with Regard t o  SGT Gnd Equip. (3) DF, Chf, SSM B r ,  PIG, 
RDD, t o  RSA LnO, JPL, 5 Feb 57, subj:  Revs t o  TR's [ r e  p ro tec t ion  
aga ins t  CBR agents] .  Both i n  SPCF, Bx 13-813, RHA. 



11 December 1958. 
5 7 I 

The funct ion  of t h e  Guidance (Missi le)  Tes t  S t a t i o n  was t o  

perform e l e c t r o n i c  checkout of t h e  m i s s i l e  assemblies before  

sending them t o  t h e  f i r i n g  a rea .  The s t a t i o n  contained the  

necessary t e s t  equipment f o r  automatic checkout of t h e  guidance 

sec t ion ,  c o n t r o l  s u r f a c e  assemblies, and t h e  arming decis ion  

device por t ion  of t h e  primary warhead, a l l  wi th in  t h e i r  respec- 

t i v e  conta iners .  The U t i l i t y  T r a i l e r  Company designed and 

f a b r i c a t e d  t h r e e  experimental. u n i t s  from a commercial design 

using standard Ordnance design p r a c t i c e s .  Each t r a i l e r  was 

d5vided i n  two compartments. The opera t ing  room contained the  

e l e c t r o n i c  t e s t  equipment on t h e  curbs ide  wal l ,  wi th  provisions 

f o r  mounting 100 percent  spares  on the  roadside wal l .  The wal l  

a t  t h e  r e a r  of t h e  enclosure  provided space f o r  mounting t h e  

200 percent  m i s s i l e  spares .  The equipment room, over t h e  f i f t h  

wheel, housed a gas tu rb ine  generator  s e t ,  con t ro l  console, and 

a 4.5-ton a i r  condi t ioner  bu3.l.t by JPL 11s ing a i r c r a f  t - type 

components. The v e h i c l e  weighed 8,680 pounds complete wi th  a i r  

condi t ion  ducts ,  i n su la t ion ,  and wiring,  and about 15,000 pounds 

when loaded wi th  t h e  tu rb ine  genera tor ,  a i r  condi t ioner ,  and 

t e s t  equipment. Except f o r  the  s t e e l  kingpin and channels f o r  

mounting t h e  Ncidhart suspension system, the  t r a i l e r  was com- 

p l e t e l y  aluminum. 
58 

The XM FMTS -des igned and fabr i ca ted  by SUEL under tec lmical  

guidance of JPL-used t h e  same body and t r a i l e r  a s  t h e  GTS, and 

i t s  assemblies resembled the  equipment used i n  the  GTS and f i r i n g  

s e t ,  both i n  type and const ruct ion .  I ts  function was t o  provide 

Ordnance t h i r d  and f o u r t h  echelon maintcnancc support t o  the  

5 7 ~ ~ ~  F i n a l  Rept 20-137, 1 Oct 60, pp. 90, 99,  105. RSIC. 
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(1) Ib id . ,  pp. 34, 30. ( 2 )  Dl! Cmt: #2, Chf, Tech Dev El-, 
PIIS, RDD-WJ,, t o  SGT Sys hlgr, ' Indus t r ia l  Engrg R r ,  l D ,  21 Fcb 58, 
subj:  Vehs f o r  SGT Sys. SPCE', Bx 13-813, RITA. 
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SERGEANT m i s s i l e  b a t t a l i o n  by i s o l a t i n g  assembly malfunct ions t o  

t h e  subassembly l e v e l .  It was designed t o  t e s t  and s e r v i c e  57 

ind iv idua l  assemblies  of t h e  m i s s i l e ,  t h e  launching s t a t i o n ,  t h e  

GTS, and t h e  FMTS i t s e l f .  The primary mission of t h e  FMTS was 

t o  l o c a t e  and i s o l a t e  malfunct ions wi th in  t h e  assembly under' 

t e s t  t o  t h e  subassembly l e v e l ,  s o  t h a t  r e p a i r  could be  made by 

replacement of t h e  f a u l t y  subassembly. I ts  secondary mission 

was t o  d u p l i c a t e  t h e  funct ions  performed by t h e  GTS, without  

meeting t h e  GTS time requirements .  I n  t h e  l a t t e r  mission, 

f a i l u r e s  would be i s o l a t e d  t o  assembly l e v e l  and r e p a i r  achieved 

by assembly replacement.  The assemblies  would be t e s t e d  auto-  

ma t i ca l ly  by means 0 f . a  t e s t  program s t o r e d  on a  punched tape.  

The performance of t h e  assembly under t e s t  would be ind ica t ed  as 

a v i s u a l  go-no-go readout  i n  t h e  control. assembly, t h e  l o c a t i o n  

of t h e  f a u l t y  subassembly being determined by a  number d isp layed  

on a  numerical i n d i c a t o r .  
59 

Acce le ra t ion  of t h e  SERGECllu'i' Schedule 

The XM m i s s i l e  and ground support  equipment designed and 

f a b r i c a t e d  f o r  t h e  Phase I1 t e s t  program i n  1958 represented  t h e  

second i n  a  s e r i e s  of t h r e e  progress ive  s t e p s  l ead ing  t o  t h e  

u l t i m a t e  workhorse weapon system t o  be used under t h e  most 

adverse  f i e l d  cond i t ions  by average t roops .  To achieve a l l  of 

t h e  ope ra t iona l  c a p a b i l i t i e s  r equ i red  of such a  weapon, both JPL 

and Redstone Arsenal  were determined t h a t  t h e  g r e a t  major i ty  of 

engineering "bugs" would be removed be fo re  d e l i v e r y  of t h e  system 

t o  t h e  t roops .  C o l l a t e r a l l y ,  t h i s  precluded a "crash" program 

f o r  t h e  SERGWVT un les s  t h e  user  were w i l l i n g  t o  accept  s e r i o u s  

compromises i n  system r e l i a b i l  i t y  and o the r  important cha rac te r -  

i s  t i c s ,  and i n  personnel  t r a i n i n g  and support  c a p a b i l i t y .  This  

programming philosophy and t h e  Ociobcr 1962 system read iness  d a t e  

5 9 ~ ~ ~  F i n a l  Rept 20-137, 1 Oct 60, pp. 34-35, 90, 98-99. RSIC. 
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remained i n t a c t  a t  t h e  end of 1957, b u t  developments i n  t h e  

CORPORAL program brought  increased  p re s su re  f o r  an  e a r l i e r  

SERGFM a v a i l a b i l i t y .  

The l i qu id -p rope l l ed  CORPORAL, it w i l l  be  r e c a l l e d ,  had, 

been rushed i n t o  development i n  t h e  hea t  of t h e  Korean emergency 

t o  f u l f i l l  an  urgent  need f o r  a t a c t i c a l  support  SSM system. 

Desp i t e  i t s  t e c h n i c a l  d e f i c i e n c i e s  and o p e r a t i o n a l  l i m i t a t i o n s ,  

t h e  CORPORAL I had been accepted f o r  i n t e r i m  t roop  use  i n  1954, 

pending a v a i l a b i l i t y  of t h e  improved Type I1 equipment. The 

f i r s t  CORPORAL I b a t t a l i o n  was deployed t o  Europe i n  January  

1955, and replacement u n i t s  equipped w i t h  Type I1 equipment 

followed i n  t h e  s p r i n g  of 1956 .60 Meanwhile, t h e  redesigned 

CORPORAL I11 equipment had been placed i n  development a s  a 

planned replacement f o r  t h e  CORPOP& I1 beginning e a r l y  i n  1959 

and cont inuing  u n t i l  d e l i v e r y  of t h e  SERGEANT weapon system 

then  scheduled f o r  1963. 
6 1 

I n  thc  £211 of 1 9 5 6 ,  fo l lzwing  approval  of t h e  nev Octcber 

1962 r ead ines s  d a t e  f o r  t h e  a l l - i n e r t i a l  SERGEANT system, OCRD 

decided t o  develop t h e  CORPORAL I11 a s  a s h e l f  i tem t o  be 

a v a i l a b l e  f o r  product ion  should a d d i t i o n a l  CORPORAL u n i t s  be 

r e q u i r e d  be fo re  completion of t h e  SERGEANT. I n  t h e  l i g h t  of 

t h i s  a c t i o n  and t h e  d i f f i c u l t i e s  being encountered i n  t h e  

l o g i s t i c a l  support  of c e r t a i n  obso le t e  CORPORAL equipment, t h e  

DA General S t a f f  expressed an i n t e r e s t  i n  secur ing  t h e  d e l i v e r y  

of an  i n t e r i m  SERGEANT system by October 1960, t o  be  followed by 

t h e  optimum system 2 y e a r s  l a t e r .  However, Redstone Arsenal  

argued t h a t  t h e  r e l i a b i l i t y  of such a system would be l i t t l e  

b e t t e r  than  t h a t  of t h e  CORPOiiAL I1 and would c o s t  more i n  t h e  

long run .  In s t ead ,  it recomrncnded t h a t  t h e  CORPORAL I11 be  

6 0 ~ e e  -. above, pp. 18, 28. 
6 1 James W .  Bragg, Developlr-nt of -- t h e  - CORPORAL: The Embryo - -- of 

t h e  Army h I i s s i l e  Pro:;=," (2  Vols, ABhiA, A p r i l  l T 6 l ) ,  I: 233-34. -- 



produced f o r  in ter im use u n t i l  a  f u l l y  t a c t i c a l ,  r e l i a b l e ,  and 

f ieldworthy SERGEANT could be del ivered  t o  t h e  user .  
62 

I n  t h e  wake of an expected 40-percent budget reduction i n  

E'Y.1958, OCRD, on 15  May 1957, ordered the  termination of t h e  

CORPORAL 111 development program.63 Despite  the  expected fund- 

ing shortage,  the  pressure  then mounted f o r  an e a r l i e r  SERGEANT 

c a p a b i l i t y  t o  f i l l  t he  gap l e f t  by the  CORPORAL I11 which was t o  

have been a v a i l a b l e  by 1959. Following a presenta t ion  by the  

SERGEANT Pro jec t  Di rec to r ,  on 23 August 1957, M r .  Frank H. 

Higgins, ASA (Log i s t i c s ) ,  appeared t o  be i n  agreement with t h e  

e x i s t i n g  plan t o  develop and produce a SERGEANT system by October 

1962 t h a t  would be a t r u l y  e f f e c t i v e ,  r e l i a b l e ,  and f ieldworthy 

weapon meeting a l l  t h e  spec i f i ed  M C ' s .  64 However, Secre tary  of 

t h e  Army Wilber M. Brucker f e l t  t h a t  an e a r l i e r  c a p a b i l i t y  was 

abso lu te ly  e s s e n t i a l .  

During a v i s i t  t o  JPL on 27 August 1957, M r .  Brucker declared 

t h a t  the  Army could not depend upon the  CORPORAL f o r  another 5 

years ,  and f u r t h e r ,  t h a t  t h e  cu r ren t  Army planning would not  main- 

t a i n  an adequate CORPORAL c a p a b i l i t y  through 1962. He s t a t e d ,  i n  

f a c t ,  t h a t  he had been under pressure  t o  cancel  the  SERGEANT prog- 

ram because of the  l a t e  a v a i l a b i l i t y  da te ,  and gave t h e  d i s t i n c t  

impression t h a t  h i s  advisors  had beep giving him the  word t h a t  

"JPL i s  o f f  i n  t h e i r  ivory tower engineering the  Sergeant t o  

pe r fec t ion  and was not  being r e a l i s t i c  about the  compromise 

between the  a v a i l a b i l i t y  d a t e  and t h e  q u a l i t y  of the  product.' ' 

62(1) Ib id . ,  1:241. (2) TT, CofOrd t o  CG, RSA, 9 Oct 56, 
r e :  Lmtd Proc of SGT. (3) TT @?&DIJ-G?.1S-293, CG, RSA, t o  CofOrd, 
10 Oct 56. Both i n  SPCF, Bx 13-813, LYA. 

63 (1) Bragg, opo c i t . ,  1 ~ 2 4 1 .  (2) L t r ,  CofOrd t o  CG, RSA, 
e t  a 1  25 Oct 56, subj :  Ord F&D Bud Prep FY's 1958-59. S K F ,  - -='I 

Bx 13-813, NIA. (3) For a  silmnlazy of the  FY 1958 budget exer- 
c i s e s ,  see above, pp. 67-68. 

6 4 ~ ~ ,  SGT Proj  D i r  t o  CG, RSA, e t  a l . ,  27 Aug 57, subj :  
P r e s i ~  t o  ASA (Log i s t i c s ) .  SPCF, BX 13-813, RIU. 



JPL personnel explained t h a t  t h e  R&D schedule through 1960 had 

been based on t h e  t i m e  considered necessary t o  meet t h e  very 

s t r i n g e n t  MC's,  such a s  t h e  95 percent  r e l i a b i l i t y  requirement. 

They pointed out  t h a t  a r e l a t i v e l y  long, c a r e f u l l y  phased 

development program was e s s e n t i a l  t o  achieve a l l  of t h e  MC's, 

and t h a t  it was t h i s  cons idera t ion  t h a t  l e d  t o  t h e  R&D schedule, 

not  JPL's  at tempting t o  t u r n  out  a pe r fec t  weapon f o r  t h e  sake 

of pe r fec t ion  alone.  

M r .  Brucker then asked i f  it would be f e a s i b l e  t o  tu rn  out  

a t  an e a r l i e r  d a t e  an in ter im vers ion  of the  SERGEANT t h a t  would 

be somewhat s h o r t  of meeting t h e  M C ' s ,  then follow t h i s  wi th  an 

optimum system meeting a l l  of the  f i n a l  goals .  JPL r e p l i e d  t h a t  

t h i s  would be f e a s i b l e ,  but  emphasized t h a t  such a program 

should be undertaken only with the  f u l l  knowledge, understanding, 

and concurrence of t h e  many branches of the  Army and t h e  F i e l d  

Forces. M r .  Brucker s a i d  t h a t  he could ar range  f o r  such an * 
understanding; however, JPL quickly pointed out  t h a t  M r .  Ke l l e r  

had made the  same statement when he ordered the  Laboratory t o  

p lace  t h e  CORPORAL I i n t o  production, but  t h a t ,  i n  f a c t ,  i t  had 

never come about. I n  t h i s  connection, a JPL s t a f f  member 

commented: 

. . . [A] g r e a t  dea l  df t h e  a t t i t u d c  toward the  SERGEAh! Program 
by F i e l d  Forces and Ordnance was a r c s u l t  of a pendulum swinging, 
perhaps too f a r ,  i n  t h e  d i r e c t i o n  of t i g h t  and exce l l en t  cl laracter-  
i s t i c s  a s  a r e s u l t  of the  discouraging experience with Corporal. . . . [The] Army, i n  genera l ,  was not  properly prepared f o r  what 
they received i n  t h e  Corporal - they were expecting a weapon wi th  
much b e t t e r  c h a r a c t e r i s t i c s  than it was known i t  would have by t h e  
people c l o s e  t o  i t s  development. Consequently, they have a l l  
become very conservat ive  and have emphasized t h a t  t h i s  time t h e  
job has t o  be done r i g h t .  Thc r e s u l t  - t i g h t  requirements and 
consequently an extended development period. 

M r .  Bruclcer took note  of these  comnmits and sa id  he "now r e a l i z e d  

-L 

"K. T .  Ke l l e r ,  Direc tor  of Guided Miss i l e s ,  Off i c e  of t h e  Secre tary  
of Defense, 1950-53. 
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t h a t  he had come t o  t h e  wrong p l a c e  t o  a r r ange  t o  have t h e  schedule 

shor tened  . . . . II 65 

On 28 January  1958, OCRD personnel  b r i e f e d  t h e  Acting Vice  

Chief of S t a f f  on t h e  SERGEANT program and proposed a p l a n  t o  
, 

a c c e l e r a t e  it. A f t e r  t h e  b r i e f i n g ,  t h e  Acting Vice  Chief of 

S t a f f  approved t h e  p l an  t o  make t h e  SERGEANT a v a i l a b l e  t o  t h e  

t roops  by 1961 i n s t e a d  of October 1 9 6 2 . ~ ~  w i t h  t h e  r e s t o r a t i o n  

of money t h a t  had been c u t  from t h e  FY 1958 budget and t h e  

r e c e i p t  of  a d d i t i o n a l  information from JPL, Redstone Arsena l  and 

t h e  Chief of Ordnance reexamined t h e i r . p r e v i o u s  p o s i t i o n  on t h e  

a c c e l e r a t i o n  of t h e  program and agreed t h a t  a new a v a i l a b i l i t y  

d a t e  of September 1961 could be  met w i t h  only  a smal l  p robabi l -  
-.,. 

i t y  of no t  meeting a l l  t h e  M C ' s .  OCRD then  reques ted  Ordnance 

t o  a c c e l e r a t e  t h e  program t o  an  a v a i l a b i l i t y  d a t e  of August 1961 

o r  e a r l i e r .  The Chief of Ordnance, on 10 March 1958, reques ted  

Redstone Arsenal  t o  r e o r i e n t  t h e  SERGEANT program t o  meet t h e  

new Ordnance Support Readiness Date of  August 1961. 6 7 

Desp i t e  t h e  14-month a c c e l e r a t i o n  of t h e  SERGEANT read ines s  

d a t e ,  t h e r e  would s t i l l  be  a considera.ble  gap i n  t h e  Army's f i e l d  

c a p a b i l i t y  owing t o  t h e  d e t e r i o r a t i o n  and obsolescence of t h e  

CORPORAL I1 ground equipment.. I n  t h e  absence of an  Army p lan  

f o r  replacement o r  r e h a b i l i t a t l o n  of t h i s  equipment, t h e  CORPORAL 

c a p a b i l i t y  would end i n  1959. To f i l l  t h i s  gap, t h e  Army Chief 

of S t a f f  considered two alternate plans :  use of t h e  PERSIiING i n  

6 5 
Memo, R. J O  Parks,  SGT P r o j  D i r ,  JPL, t o  LTC K. 0. Reed, 

KSA LnO, SPL, 27 Aug 57, sub j  : Kins of SGT Por t ion  of Mtg B t m  
J'PL and Arny Secy Rrucker. SPCF, Bx 13-825, RHA. 

6 6 ~ ~ ~ ,  Bfg Off,  SSll Div, EN, 5 Peb 58, subj :  Bfg f o r  t h e  
D i r  of K&D on t h e  SGT Program, K&D 471.94. C i t ed  i n  DA Pam 70-10, 
Sep 1958, pp. 93-94. 

67 (1) L t r ,  00/85-2314, CofOrd Lo CG, RSA, 10 Mar 58, sub j :  
Revd P a  f o r  SGT Msl Sys. (2) L t r ,  00/60~-2156,  CofOrd t o  CG, ACNC, 
28 hp r  60, sub j :  SGT Program. Both i n  SPCF, Bx 14-215, RIU. 



t h e  SERGEANT r o l e ,  and an AONC proposal  t o  d e l i v e r  an i n t e r i m  

SERGEANT system by J u l y  1960. The Chief of  S t a f f  promptly 

r u l e d  a g a i n s t  t h e  former and t h e  Chief of Ordnance r e g i s t e r e d  

oppos i t ion  t o  t h e  l a t t e r .  On 11 June  1958, MG J. H. Hinr ichs  

advised AOMC : , 

. . . [Since]  t h e  Chief of S t a f f  has decided n o t  t o  use  PERSHING 
i n  a SERGEANT r o l e ,  t h e  p res su re  on us has been removed and I 
th ink ,  and w i l l  s o  recommend, t h a t  now a l l  our e f f o r t s  should 
be  poin ted  t o  implementing a c lean ,  wrapped-up program t o  g i v e  
t h e  t roops every th ing  we promised by August '61. Of course,  
nobody w i l l  complain i f ,  wi th  increased  e f f o r t ,  we can push up 
t h i s  d a t e ,  bu t  we must be s u r e  t h a t  such a s eed-up w i l l  n o t  
r e s u l t  i n  d e t e r i o r a t i o n  of t h e  end product.  6 g  

Afte r  some 2 yea r s  of pa ins taking  d e l i b e r a t i o n  and paper 

exe rc i se s ,  t h e  SERGFM program was thus  r e o r i e n t e d  t o  meet t h e  

August 1961 r ead iness  d a t e .  But i n s t ead  of pushing up t h i s  d a t e ,  

as General Hinrichs suggested might be poss ib le ,  AOMC f a i l e d  t o  

meet even t h e  August 1961 d a t e o  Because of t e c h n i c a l  and 

f i n a n c i a l  problems, and o t h e r  complicat ions mentioned ea r l . i e r  

i n  t h i s  s tudy,  t h e  r ead iness  d a t e  l a t e r  s l i pped  t o  June  1962- 

a n e t  ga in  of only 4 months over the previous October 1962 da te .  
69 

68(1) L t r ,  00/SS-6805, CofOi-d t o  MG J.  B. Medaris, CG, AONC, 
11 Jun 58, n . s .  : at-chd t o  DF, AO:% CofS t o  CL, ARGMA, 19 Jun  58, 
subj :  Intei-jni SGT Cpbl. (2)  ---- Also - s e e  TT, CG, AOMC, t o  CofOrd, 
18 Aug 58, subj :  SGT Prograrrl. 130th i n  Hi s t  Div F i l e .  

69 
See above, pp. 54-64. - 
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CHAPTER V 

& EVOLUTION OF THE TACTICAL WEAPON SYSTEM (U) 

, 

(U) The Engineering Model (EM) weapon system upon which t h e  

f i r s t  i n d u s t r i a l  product  ion  was p red ica t ed  took shape d i ~ r i n g  t h e  

Phase I1 and I11 Experimental Model f l i g h t  t e s t  program and con- 

c u r r e n t  Opera t iona l  & Environmental (05rE) t e s t s  dur ing  1958-59. 

The t a c t i c a l  p ro to type  hardware evolved from t h e  XM program was 

r e l e a s e d  f o r  l i m i t e d  product ion  i n  October 1959, and t h e  Phase N 

and V EM f l i g h t  t e s t  program followed i n  1960-61. Beginning w i t h  

t h e  f i r s t  Phase I V  f l i g h t  t e s t  i n  May 1960 ( F i r i n g  2 6 / ~ o u n d  30) ,  

t h e  r e s p o n s i b i l i t y  f o r  f a b r i c a t i o n  and checkout of a l l  equipment 

s h i f t e d  from JPL t o  SUEL. The l a t t e r  assumed complete weapon 

system r e s p o n s i b i l i t y  a s  t h e  prime c o n t r a c t o r  on 1 J u l y  1960 

when JPL phased o u t  of t h e  program. As noted e a r l i e r ,  JPL was 

o r i g i n a l l y  scheduled t o  r e t a i n  r ~ s g m s i b i l i t y  f o r  t h e  R6rD system 

u n t i l  February 1961, b u t  t h e  Army moved t h i s  te rmina l  d a t e  up t o  

t h e  end of June  1960 a s  a  consequence of JPL's  t r a n s f e r  t o  NASA. 

(U) I n d u s t r i a l  Engineering and Documentation Release 

(U) Ea r ly  i n  t h e  Phase I1 Dl t e s t  pr-am, ARGW rece ived  $ 1  

m i l l i o n  i n  FY 1958 PEEA funds and s e t  i t s  i n d u s t r i a l  engineer ing  

p l an  i n  motion. I n d u s t r i a l  p a r t i c i p a t i o n  i n  t he  program had begun 

e a r l y  i n  1956, w i t h  i n i t i a l  e f f o r t  c o n s i s t i n g  mainly of  l i a i s o n  

and planning a c t i v i t i e s .  The i n d u s t r i a l  engineer ing  program was 

a c t i v a t e d  l a t e  i n  FY 1958, when ASGtIA awarded SUEL a c o n t r a c t  

(ORD-1226) f o r  preproduct ion engineer ing  s e r v i c e s .  The Agency 

a l s o  i ssued  pso j e c t  o r d e r s  t o  t h e  app ropr i a t e  Government s e r v i c e s  

f o r  suppor t  of t h e  i n i t i a l  i n d u s t r i a l  engineering e f f o r t .  Among 

t h e  agencies  provid ing  engineer ing  support  were DOFL, on fuzes ;  

Ordnance Weapons Cormand, on t h e  launching s t a t i o n  l e s s  f i r i n g  s e t ;  



--- 

OTAC, on t r a n s p o r t  t r a i l e r s ;  and t h e  Ordnance A m n i t i o n  Connnand 

(Longhorn Ordnance works / ~ h i o k o l  Chemical Corporat ion)  , on rocke t  

motor p r o p e l l a n t s .  % 
(U) The i n d u s t r i a l  engineer ing  t o  be performed under t h e  

, 
long-range program would provide preproduct ion engineer ing ,  

product and product ion  engineer ing ,  and product  eva lua t ion ,  as 

w e l l  as drawings, s p e c i f i c a t i o n s ,  and o t h e r  a s s o c i a t e d  t e c h n i c a l  

d a t a  r equ i r ed  t o  e s t a b l i s h  and main ta in  engineer ing  c o n t r o l  of 

t h e  system. The o b j e c t i v e  of t h e  combined e f f o r t  was t o  e f f e c t  

t h e  o r d e r l y  t r a n s i t i o n  from pro to type  R&D equipment t o  an e f f e c -  

t5ve  t a c t i c a l  weapon system t h a t  would f u l f i l l  a l l  a p p l i c a b l e  

M C ' s  and be e a s i l y  mass produced a t  t h e  most economical c o s t .  

(U) JPL began t h e  pre l iminary  r e l e a s e  of E D  drawings and 

s p e c i f i c a t i o n s  i n  August 1958, near  t h e  end of t h e  10-round 

Phase I1 t e s t  program. These documents were t o  be converted t o  

Ordnance format  by SUEL dur ing  t h e  Phase I11 XM program, w i t h  

i n t e r i m  r e l e a s e  of t h e  complete system t o  be  e f f e c t e d  by 30 June  

1959. However, as a r e s u l t  of t e c h n i c a l  and f i n a n c i a l  problems, 

t h e  i n t e r i m  r e l e a s e  of t h e  complete EM system s l ipped  t o  October 

1959, and t h e  i n i t i a t i o n  of t h e  Phase I V  f l i g h t  t e s t s  had t o  be  

postponed from October 1959 t o  May 1960. 
1 

Experimental Model Program (U) 

(U) The t r a n s i t i o n  from t h e  XN t o  t h e  t a c t i c a l  p ro to type  EM 

system took p l ace  i n  a s e r i e s  of 17 f l i g h t  t e s t s  comprising Phase 

I1 and Phase I11 of t h e  program. The 10-round Phase I1 program 

conducted i n  1958 brought toget l lcr  n e a r l y  a l l  of t h e  elements of 

t h e  f i n a l  design,  inc luding  the  mul t ip i ece  a i r f r ame  and t h e  f i r s t  

f u l l y  guided rounds. The 7-round Phase I11 t e s t  program included 

'(1) JPL F i n a l  Rept 20-137, 1 Oct 60, pp. 7, 14. RSIC. (2 )  
Master I n d u s t r i a l  Engineering Plan (MIEP) , SGT Msl Sys, Rev $ , 2 ,  
25 Feh 59. SPCF, Bx 14-24, RIiA. 
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t h e  necessary  des ign  ref inements  t o  c o r r e c t  d e f i c i e n c i e s  noted i n  

Phase I1 and f i n a l i z e d  a l l  EM concepts .  The complete, i n t e g r a t e d  

des igns  were t e s t e d  i n  1959 t o  a s s e s s  t h e  accuracy,  r e l i a b i l i t y ,  

and environmental s u i t a b i l i t y  of t h e  system, p repa ra to ry  t o  t h e  

i n t e r i m  r e l e a s e  f o r  n o n - t a c t i c a l  product ion.  The Phase 111 t e s t  

program o r i g i n a l l y  c o n s i s t e d  of 11 rounds; however, t h e  degree of 

success  i n  Phase I1 was such t h a t  fewer m i s s i l e s  could  be f i r e d  

i n  Phase 111 and s t i l l  achieve  t h e  g o a l s  of t h a t  block. Th i s  

procedure r e l e a s e d  manpower a t  JPL and SUEL and made it p o s s i b l e  

t o  i nc rease  t h e  engineer ing  e f f o r t  on f i n a l i z a t i o n  of t h e  EM 

des ign .  It was on t h i s  b a s i s  t h a t  t h r e e  rounds were d e l e t e d  from 

- t h e  program and one round was r e a l l o c a t e d  t o  s p e c i a l  e l e c t r i c a l  

i n t e r f e r e n c e  and h e a t  t e s t s .  
2 

(U) The Phase 11 t e s t  program began on 21 January  1958 wi th  

t h e  succes s fu l  f i r i n g  of Round 9 and cont inued through t h e  t e s t  

of Round 17 ( F i r i n g  18) on 23 October 1958. Th i s  i n i t i a l  XM phase 

ma.de s i g n i f i c a n t  c o n t r i b u t i o n s  t o  t h e  SEKGEANT system concept by 

developmental d i r e c t i o n  toward f u n c t i o n a l  c a p a b i l i t y ,  r e l i a b i l i t y ,  

ruggedness,  s i m p l i c i t y ,  and accuracy.  Despi te  random component 

f a i l u r e s  which could be  expected a t  t h i s  s t a g e  of development, t h e  

test o b j e c t i v e s  were achieved i n  a l l  of t h e  f i r i n g s  except  Round 

12  which was i n a d v e r t e ~ t ~ y  des t royed  by t h e  Range Sa fe ty  Of f i ce r .  

Data from t h e s e  f i r s t  f u l l y  guided f l i g h t s  r evea l ed  a p rog res s ive  

improvement i n  guidance system performance, a l though most of t h e  

rounds impacted o u t s i d e  t h e  300-meter c i r c l e .  3 

6) A t  t h e  behes t  of t h e  Chief of Ordnance, OCRD, on 5 Novem- 

b e r  1958, approved t h e  c l a s s  i f  i c a t i o n  of t h e  SERGEANT m i s s i l e  

system a s  Limited Product ion (L7_'), and the  Sec re t a ry  of t h e  Army 

approved the impl.ementing ac t ior ,  OT? 2 A p r i l  1959. The major 

i tems p1ani;ed f o r  procuremmt in FY 1959 included 70 m i s s i l e s  

-- 
2Jl?L F i n a l  Rcpt 20-137, 1 Oct 60, pp. 12-13. RSIC. 

3 ~ e . e  - Table  2, Appendix IV. 
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(w/o warheads), 17 launching s t a t i o n s ,  20 M i s s i l e  T e s t  S t a t i o n s ,  

and 20 System Assembly ( F i e l d  Maintenance) T e s t  S t a t i o n s .  4 

(U) Meanwhile, t h e  Phase I11 f i r i n g s  were begun w i t h  t h e  

f l i g h t  t e s t  of Round 19 on 11 December 1958, and were completed 

s e v e r a l  months behind schedule  on 29 October 1959. The i m p a c t  

miss d i s t a n c e  f o r  t h e s e  seven rounds showed a d e f i n i t e  improve- 

ment over  t h a t  achieved i n  Phase 11, t h r e e  of them f a l l i n g  w e l l  

w i t h i n  t h e  p re sc r ibed  300-meter r a d i u s  and another  near  t h e  

b o r d e r l i n e ,  a s  shown below. The t e s t  r e s u l t s  i nd ica t ed ,  however, 

t h a t  a number of des ign  re f inements  would be  necessary  t o  c o r r e c t  

performance and component d e f i c i e n c i e s .  5 

(C) Phase I11 XM F l i g h t  T e s t s  (U) 

F i r i n g  Round Date Impact M i s s  Dis tance  
N o .  N o .  F i r e d  Ranre Azimuth 
19 19 11 Dec 58 170 m. long 25 m. l e f t  
2 0 21 23 Mar 59 129 m. long 520 m. r i g h t  
21 22 25 Mar 59 846 m. s h o r t  130 m. l e f t  
22 25 2 5 A u g 5 9  270 m. long 383 m. l e f t  
2 3 26 21 Oct 59 11 m. long 190 ni. l e f t  
2 4 27 26 Oct 59 136 m. long 1105 m. l e f t  
25 28 29 Oct 59 17 m. long 124 m. l e f t  

(Rds 20, 23, 24, & 29 d e l e t e d  from t h e  f l i g h t  t e s t  program.) 

M i s s i l e  S t r u c t u r e  

(U) The EM a i r f r ame  emerging from t h e  Phase 11 and I11 t e s t  

programs was a minor ref inement  of t h e  XM which e s s e n t i a l l y  
6 

r ep re sen ted  the  f i n a l  des ign .  The nose s h e l l  was unchanged 

except  f o r  t he  a d d i t i o n  of e l e c t r i c a l  connectors  which mated t o  

t h e  guidance compartment au toma t i ca l ly  when the  nose?ms i n s t a l l e d .  

Major a l t e r a t  ions t o  t h e  guidance cornpaxtment were a shor ten ing  of 

t h e  l eng th  by 10 inches and p rov i s ion  f o r  coo l ing  e l e c t r o n i c  p a r t s .  

4 0 ~ ~ ~ i  37042, 2 Apr 59. RSIC. 

5(1)  g Table 3,  App. IY. (2)  -- Also - s e e  bclow, pp. 160-62. 
6 

See ~ b o v c ,  pp.  1.10-11. - 
138 



Sergeant airframe dcvclopmer;t phases showing Block I (a); XM (bl; EM (cl 



The dragbrake s e c t i o n  was lengthened and t h e  blades were rede- 

s igned t o  improve performance and t o  make them more producible.  7 

M i s s i l e  Bat tery  Problems - 
, 

(U) Ins tead  of us ing t h e  e x i s t i n g  z inc - s i lve r  oxide b a t t e r y  

developed f o r  t h e  Signal  Corps by t h e  Eagle-Picher Company, JPL, 

i n  A p r i l  1957, proposed t o  design a  new b a t t e r y  with an improved 

a c t i v a t i o n  system. Red.stone Arsenal bought the  program on t h e  

s t r e n g t h  of JPL's assurance t h a t  i t  had a  wealth of experience 

and spec ia l i zed  understanding of a l l  t echn ica l  problems assoc ia ted  
8  

wi th  t h e  proposed a c t i v a t i o n  system. , I n  August 1958, however, 

ARGMA engineers voiced grave doubts a s  t o  the  a d v i s a b i l i t y  of 

continuing the  s p e c i a l  design,  point ing  out  t h a t  JPL had not  

improved on the  squib a c t i v a t i o n  system used i n  t h e  LACROSSE and 

NIKE HERCULES b a t t e r i e s .  I n  view of t h e . l a c k  of concre te  progress 

and the  scheduled in ter im R&D r e l e a s e  t o  the  I n d u s t r i a l  Division 

i n  t h e  next  3.2 months, they rmrvecl t h e  P r o j e c t  Di rec to r  t h a t  

immediate Signal  Corps p a r t i c i p a t i o n  i n  t h e  development program 

was abso lu te ly  e s s e n t i a l .  The Pro jec t  Di rec to r  r e p l i e d  t h a t  t h e  

JPL b a t t e r y  f o r  the  EM SERGEANT would be re leased t o  t h e  Indus- 

t r i a l  Division f o r  i n i t i a l  procurement i n  January 1959, a t  which 

time t h e  JPL R&D s p e c i f i c a t i o n s  and Class A Sperry drawings would 

be furnished t o  t h e  Signal  Corps f o r  follow-on procurement. 9  

Nevertheless,  engineers i n  the Technical Development Branch in-  

s i s t e d  t h a t  t h e  Signal  Corps was the  recognized expert  i n  t h e  

b a t t e r y  f i e l d  and t h a t  i t s  immediate p a r t i c i p a t i o n  i n  t h e  program 

I JPL F ina l  Rept 20-137, 1 Oct 60, pp. 44, 48, 122-23. RSIC. 
8  

(1) L t r ,  D i r ,  JPL, t o  CG,  RSA, 1 Apr 57, n .  s .  (2) Ofc Memo, 
LTC Kenneth 0. Reed, RSA L ~ O / J P L ,  t o  Chf , nE, RDD-OML, 30 Sep 57, 
subj:  JPL Inves of Btry Actvn Sys. Both i n  SPCF, Bx 13-826, RHA. 

'(1) DF C m t  # l ,  Chf, Tech Dev Ar, RDD, t o  SGT Proj  D i r ,  SSM 
B r ,  RIID, 1 2  Aug 58, sub j :  SGT S i l v e r  Zinc B t ry .  ( 2 )  DF C m t  #2, 
SGT Proj  D i . r  t o  Chf, Tech Dev E r ,  IGII), 26 Aug 58, subj  : Same. 
Both i n  SPCF, Rx 13-826, RIIA. 



was imperative t o  a v e r t  se r ious  last-minute problems i n  obta in ing 

f u l l y  r e l i a b l e  b a t t e r i e s .  
10 

(U) By midJune 1959, the  drawings and s p e c i f i c a t i o n s  f o r  t h e  

JPL b a t t e r y  had been furnished t o  the  Army Signal  R&D Laboratories  

f o r  prel iminary evaluat ion.  B a t t e r i e s  f o r  t h e  FY 1959 order  of 

SERGEANT miss i l e s  were procured under SUEL'S prime con t rac t  (ORD- 

1444), wi th  subsequent procurement t o  be e f fec ted  by the  Signal  

corps.'' It then became apparent i n  October 1959 t h a t  breakout of 

t h e  JPL b a t t e r y  t o  the  Signal  Corps v~ould have t o  be s e t  back t o  

FY 1961 because of a  delay i n  preparat ion of an acceptable  procure- 

ment da ta  package.12 A t  about t h e  same time, t h e  Signal  Corps 

repor ted  t h a t  t h e  JPL b a t t e r y  was i n f e r i o r  t o  s imi la r  designs 

used i n  o the r  miss i l e  systems and recommended a  Corps design f o r  

t h e  SERGEANT miss i l e .  While conceding t h a t  t h e  proposed Signal  

Corps design would probably s a t i s f y  SERGEANT requirements and, i n  

some cases,  might even surpass the  JyL design, t h e  chief  of the  

SERGEANT Sect ion  f e l t  t h a t  it would be impract ical  t o  drop. the  

JPL b a t t e r y  before  running the  EM through q u a l i f i c a t i o n  t e s t s .  13 

(u) Meanwhile, SUEL repor ted  se r ious  problems i n  the  manufac- 

t u r e  of the  JPL ba t t e ry ,  s i x  of the  f i r s t  19 u n i t s  produced having 

f a i l e d  because of de f i c i enc ies  i n  the  new a c t i v a t i o n  system. l4 1n 

'ODF C m t  #3, Chf, Plsl Sec, Tech Pev B r ,  IUD, t o  SGT Proj  D i r ,  
5  Sep 58, subj :  SGT S i l v e r  Zi.nc Btry. SPCF, Rx 13-826, RIIh. 

"DF C m t  #1., Chf, Gcn Spt Sys R r ,  I D ,  t o  CG,  AOFIC, 15  Jun 59, 
subj:  Btry f o r  SGT Msl. SPCF, Bx 13-836,  RHA. 

1 2 ~ ~  C m t  113, Chf, Gen Spt Sys Br, I D ,  t o  CC, AOMC, 14 Oci 59, 
subj :  Btry f o r  SGT Msl. SPCF, Bx 33-826, REV?. 

13(1) DF C m t  81, Chf, Gcn Spt Sy5 i3r) I D ,  LO Chf , SGT Sec, 
RDD, 15  Oct 59, subj:  SCT Msl Btry. ( 2 )  EL' Crnt #2, Chf, SGll Sec, 
LCB, RDD, t o  Chf, Gen Spt Sys B r ,  I D ,  28 Oct 59, subj:  same. Both 
i n  SPCF, Bx 13-826, WA. 

14DF C m t  81, Chf, Gen Spt Sys BY, I D ,  ;O Chf, SGT SCC, LCB, 
RDD, ARGN4, 21 Scp 59, subj:  KelidLi1.it.y of SGT Pis1 Etry;  & i.ncl 
there to ,  L t r ,  SUEL t o  Sr ARGTM R ~ ~ / s I T Y ' , L ,  8  Scp 59, subj:  Outl ine 
of Btry Problems. SPCF, Bx  13-826, REAP 



t h e  f a c e  of continuing production problems a t  SUEL and unsa t i s fac -  

t o r y  r e s u l t s  from t h e  q u a l i f i c a t i o n  t e s t s ,  t h e  R&D p r o j e c t  s t a f f  

a t  ARGMA decided i n  December 1959 t o  have the  Signal  Corps develop 

a b a t t e r y  t h a t  would meet SERGEANT r e l i a b i l i t y  requirements. The 
, 

JPL b a t t e r y  would be used u n t i l  r e c e i p t  of a s a t i s f a c t o r y  Signal  

Corps design,  bu t  no major redesign o r  product improvement e f f o r t  

would be expended on it .I5 The Signal  Corps l a t e r  cont rac ted  

wi th  t h e  Eagle-Picher Company f o r  development and f a b r i c a t i o n  of 

a quan t i ty  of BA-487/U b a t t e r i e s  a t  a c o s t  of $127,862.62. 16 

XM-53 Rocket Motor 

17 
(U) The JPL-477 XI1 rocket  motor (Army des ignat ion  XM-12E2 ) 

remained i n  use  throughout the  10-round Phase I1 t e s t  program and 

appeared t o  s a t i s f y  t h e  b a l l i s t i c  performance requirements. How- 

ever, t h e  r e s u l t s  of s t o r a b i l i t y  t e s t s  indica ted  t h a t  the  motor 

d i d  no t  meet su rve i l l ance  requirements. To solve  t h i s  problem, 

t h e  Thiolcol Reds tone Division modif icd  the  propel lant  composition 

without  changing t h e  b a l l i s t i c  c h a r a c t e r i s t i c s  of t h e  motor. The 
18 

new JPL-500 motor ( l a t e r  designated a s  t h e  XM-53 ) was v i r t u a l l y  

i d e n t i c a l  t o  t h e  JPL-477 design except f o r  t h e  propel lant  compo- 

s i t i o n  and an improved i g n i t e r .  The new propel lant ,  TRX-El57 

( l a t e r  renamed TP-E8057), provided super ior  physical  p roper t i e s  

t h a t  increased t h e  d u r a b i l i t y  of the  motor when subjec ted  t o  

rough t e r r a i n  and increased the  she l f  l i f e  of the  motor. 19 

15(1) DF C m t  112, Chf, SGT Sec, LCB, RDD, t o  Chf, Gen Spt Sys 
B r ,  I D ,  14 Dec 59, subj :  Disapd ESP1 No. 119. (2) TT ORDXR-RHL- 
547, ARGMA Comdr t o  SXR/SUEL, 16 Dec 59. (3) L t r ,  Act Chf, LCB, 
RDD,  t o  D i r ,  JPL, 28 Dec 59, n.s .  A l l  i n  SPCF, Bx 13-826, R l U .  

16contr  DA-36-039-SC-85050, 23 Jun 60, & Mod 83, 23 Mar 61. 
SPCF, BX 7-129, FHA. 

36599, 8 Aug 57. PSLC. 

l80T.c~ 37275, 17 Dec 59. RSIC. 

1 9 ~ 4 A ~ / ~ ~ ~  Rept TLD 320-66-290, June 1966, op. c i t . ,  p. 40. 
For comparison of t h e  477 & 500 motors, see Tables 5 & 6 ,  App. 111. 
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, (U) 500 Design (XM-53) Rocket Motor 

( U )  D1-419 Shipping & Storage  Contaii ler 



(U) Thiokol  proved t h e  i n t e g r i t y  of t h e  JPL-500 motor i n  a 

series of e i g h t  s t a t i c  f i r i n g s  a t  Redstone Arsena l  du r ing  t h e  

pe r iod  10 J u n e  t o  25 September 1958, and t h e  p re l imina ry  R&D 

r e l e a s e  was e f f e c t e d  on 28 October.  It l a t e r  conducted f o u r  

a d d i t i o n a l  s t a t i c  t e s t s  i n  t h e  development of a s u i t a b l e  i g n i t i o n  

system, b r ing ing  t h e  t o t a l  s t a t i c  f i r i n g s  t o  12. 
2 0 

(U) The 500 series motor r ep l aced  t h e  JPL-477 e a r l y  i n  t h e  

Phase I11 test  program. A l l  t o l d ,  e i g h t  500-design motors loaded 

and assembled a t  H u n t s v i l l e  were use.d i n  SERGEANT f l i g h t  tes ts .  

These c a r r i e d  t h e  program through t h e  l a s t  s i x  Phase I11 tests ,  

and t h e  f i r s t  two EM (Phase IV) t e s t s  (Rounds 30 & 31) i n  May 

1960. T h e r e a f t e r ,  r o c k e t  motors f o r  t h e  SERGEANT were produced 
.L 

a t  t h e  Longhorn Army Ammunit ion ~l an t , "  a Government-owned 

f a c i l i t y  opera ted  by t h e  Thiokol  Chemical Corpora t ion .  
2 1 

(U) The Thiokol Longhorn Div i s ion  phased i n t o  t h e  SERGEANT 

-1. 

" ~ o c a t e d  a t  Marsha l l ,  Texas,  Lhis I a c i l i t y  was o r i g i n a l l y  a World 
War I1 TNT p l a n t  known a s  t h e  Loi3ghorn Ordnance Works (LOd) -a 
name i t  r e t a i n e d  u n t i l  1962 when i t  was r edes igna t ed  a s  t h e  Long- 
horn Army Ammunition P l a n t  (LAN') . A f t e r  t h e  war, t h e  Thiokol  
Corpora t ion ,  under c o n t r a c t  w i th  t he  Ordcance Ammunition Command, 
conver ted  a p a r t  of t h e  p l a n t  ini  o a manufacturing f a c i l i t y  f o r  
smal l  and medium s i z e d  s o l i d  p r o p c ~ l l a n t  rocke t  engines ,  and pro- 
duced composite propel l a n t s  f o r  t h c  FALCON, L4CROSSE, and NIKE 
HERCULES motors.  A s  of January  i459,  t h e  Thiokol Longhorn 
Div i s ion  had some 1,300 employees a t  work i n  t h e  8,800-acre  
p l a n t  and was i n  t h e  midst  of a $6 m i l l i o n  expansion program 
t o  provide  new f a c i l i t i e s  f o r  p roda~ct ion  of l a r g e  rocke t  motors 
f o r  t h e  SERGEANT, PERSIIING, and NXE ZEUS m j  s s  i l e s  . The expan- 
s i o n  program was completed i n  Sc?pi-~rr~ber 1959, i n  t ime f o r  
i n d u s t r i a l  p roduct ion  of t h e  SElcC'l P S I '  roclict  motor which began 
i n  June  1960. (1) Cra ig  Lev i s ,  "Ylliokol S t r c s s e s  R&D on Rocket 
Motors," Av ia t i on  Vol. 70, No. 1 ( 5  Jan  531, p. 42. (2) 
Army Times, 26 Sep 59. -- 

20(1) I .~AP/TCC Rrpt  T D  32G--bC=ZCO, J ime 1966, op. c i t . ,  pp. 
44, 81. (2) Pre l im Design Re1 (LS-E3, 28 Oct 58. SPCF, B x  13-813, 
RHA. (3) S t a t i c  t e s t  d a t a  f o r  1-lje jFL-500 I,. , t o r s  a r e  presented 
i n  Table  4, Appendix 111. 

2 1 J & 4 ~ / T ~ ~  Rept T1.D 320-66-290, June l96G, op. c i r . ,  pp. 
44, 126. 
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motor program i n  March 1958 t o  provide a sound t r a n s i t i o n  from R&D 

t o  i n d u s t r i a l  motor loading. Under JPL Technical Document 4-2, 

signed on 24 March 1958, t h e  Thiokol Longhorn Division was t o  

exe r t  i t s  b e s t  e f f o r t  and use i t s  most s u i t a b l e  f a c i l i t i e s  i n  t h e  

design, t e s t i n g ,  evaluat ion ,  and manufacture of SERGEANT motors 

and/or components thereof ,  i n  cooperat ion with JPL a s  represented 

by SUEL. The a u t h o r i t y  f o r  expending e f f o r t  under work orders  

issued by t h e  Ordnance Ammunition Command (OAC) was Technical 

Guidance Di rec t ives  (TGD's) o r ig ina ted  by SUEL, approved by JPL 

and t h e  Redstone (ARGMEI) Liaison Off icer ,  and issued by t h e  Con- 

t r a c t i n g  Of f i ce r  o r  h i s  designated rep resen ta t ive .  JPL re ta ined  

prime r e s p o n s i b i l i t y  f o r  t echn ica l  development, wi th  SUEL exer- 

c i s i n g  t echn ica l  d i r e c t i o n  of t h e  e f f o r t .  
2 2 

(U) From March t o  November 1958, work a t  Thiokol-Longhorn was 

focused on t h e  prepara t ion  of too l ing  and motor loading f a c i l i t i e s .  

The checkout of procedures and equipment was completed on 14 Novem- 

ber  1958, with t h e  loading of a fu l l - s i ze  i n e r t  motor. The loading 

of l i v e  R&D motors began on 21 November 1958 and continued through 

28 November 1960. During t h a t  period,  t h e  Longhorn p i a n t  loaded 

and assembled a t o t a l  of 65 R&D motors, 20 of which were shipped 

t o  WSMR f o r  support of t h e  Phase I V  and V EM t e s t  program. The 

remaining 45 u n i t s  were expended i n  s t a t i c  t e s t s  and o the r  phases 

of t h e  q u a l i f i c a t i o n  program. I n  add i t ion  t o  these  E D  un i t s ,  

Thiokol-Longhorn received 10 loaded motors from the  Thiokol 

Redstone Division.  Three of these  were shipped t o  WS13i: f o r  use 

i n  f l i g h t  t e s t s ,  f i v e  were expended i n  s t a t i c  t e s t s ,  and two were 

placed i n  long-term ambient tercperature s torage .  23 

2 2 
(1) Ib id . ,  pp. 45, 198. (2) ARCIN furnished OAC $300,060 

i n  FY 1958 funds f o r  s i x  preproduction s t a t i c  t e s t  motors, and 
$1,290,000 i n  FY 1959 funds f o r  procureme~t  of R&D motors t o  be 
del ivered  i n  1959-60. DF, D i r ,  SGT Sec, LC!:, PIG, RDD, t o  Chf, 
I D ,  2 Mar 59, subj :  SGT M t r  Loading a t  LOJ. SPCF, Sx 13-826, RHA. 

2 3 1 , A A ~ / ~ ~ ~  Rept TLD 320-66-290, June 1966, op. c i t . ,  pp. 
47-48, 52, 92. 



-- 

(U) Excelco Developments, Inc., continued t o  supply motor 

cases  f o r  t h e  R&D program u n t i l  September 1959, when Longhorn 

loaded t h e  f i r s t  case  f ab r i ca ted  by SUEL. This  case  was qua l i -  

f i e d  i n  a  s e r i e s  of four  s t a t i c  t e s t s ,  and SUEL-built cases were 

used f o r  t h e  major i ty  of t h e  remaining R&D rocket  motors. 24 , 

(U) Thiokol-Longhorn loaded t h e  f i r s t  i n d u s t r i a l  motor i n  

June 1960, and from t h a t  time through 28 November 1960, t h e  

loading of R&D and i n d u s t r i a l  motors proceeded concurrently.  

F i f t e e n  i n d u s t r i a l  motors had been produced a s  of 28 November 

1960, bringing t h e  t o t a l  output  t o  81 R&D and i n d u s t r i a l  motors 

f o r  t h e  1958-60 period.25 The f i n a l  XM-100 rocket  motor (formerly 

t h e  XM-53) had an o v e r a l l  length  of 202 inches ( c y l i n d r i c a l  case  

length ,  141 inches),  an ou t s ide  diameter of 31 inches, and a gross  

weight of 7,069 pounds, including 5,903 pounds of TP-E8057 (TRX- 

E157) p rope l l an t .  
2 6 

XM-504 Launching S t a t i o n  

(U) I n  t h e  course of t h e  XM program, JPL and SUEL b u i l t  

s eve ra l  d i f f e r e n t  models of launching equipment, each represent -  

ing a progress ively  advanced s t a t e  of design and culminating i n  

t h e  EM (XM-504) con£ igura t ion .  I n  J u l y  1958, following t h e  f i r s t  

f i v e  Phase I1 f l i g h t  t e s t s  (F i r ings  9 t h r u  13), the  Sperry-bui l t  

XM-101 launcher was re turned t o  SUEL f o r  modificat ion t o  t h e  EM 

conf igura t ion .  I n  October 1958, Sperry shipped the  modified 

launcher (XM-101M) t o  JPL, where it was equipped wi th  t h e  302 

f i r i n g  s e t  and s e n t  t o  WSMR f o r  use i n  t h e  f i r s t  t h r e e  Phase I11 

f i r i n g s  i n  December 1958 and March 19%. 

(U) The XM-102 launcher was del ivered  t o  JPL i n  January 1958 

and went immediately In to  t h e  1958 &E t e s t  program. It was 

2 4 1 b i d .  p. 59. 

2 5 ~ b i d  ' pp. 46-47, 92. 

2 6 ~ o r  o the r  design parameters,  - see  Table 7, Appendix 111. 
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XM-1O1M Launcher w i t h  JPL 302 J?iring S e t  (1958) 

, . G  
C * I 

Gas i , ~ r b ~ : . t >  yen2r0?3' 
! 

XM-504 EM Launching S t a t i o n  (1959) 

r e t i r e d  from a c t i v e  s e r v i c e  upon completion of t h a t  program. The 

XM-103 launcher ,  d e l i v e r e d  t o  JPL i n  .June 1958, was t h e  f i r s t  

model t o  inc lude  t h e  Azimuth O r i e n t a t i o n  Uni t  (AOU). It was used 

i n  F i r i n g s  14, 15, and 16 (Phase 11) ,  then r e tu rned  t o  SUEL f o r  

modi f ica t ion  t o  t h e  XM-103M (EM) conf igura t ion .  Ea r ly  i n  1959, 

JPL i n s t a l l e d  t h e  304 f i r i n g  s e t  on t h e  XM-103M launcher  which 

was then  r e l e a s e d  f o r  t h e  1959 &E t e s t  program. 

(U) Meanwhile, t h e  Dl-101M launcher  was r e tu rned  t o  JPL where 
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I 
t h e  302 f i r i n g  set underwent modificat ion i n  prepara t ion  f o r  t h e  

l a s t  four  Phase 111 f l i g h t  t e s t s  i n  August and October 1959. The 

r e s u l t a n t  XM-504 launching s t a t i o n  re leased f o r  l imi ted  production 

i n  October 1959 was very s i m i l a r  t o  t h e  XM-1O1M but incorporated 

t h e  necessary des ign refinements t o  c o r r e c t  de f i c i enc ies  d i sc losed  

i n  the  Phase I1 and 111 f l i g h t  and O&E test programs. 
2 7 

Transport  T r a i l e r s  and Containers  

(U) One of t h e  f i r s t  major equipment changes r e s u l t i n g  from 

t h e  Phase I1 f i e l d  t e s t s  concerned t h e  t r anspor t  mode f o r  t h e  

four  m i s s i l e  sec t ions ,  which were t o  have been c a r r i e d  i n  t h e i r  

con ta ine r s  on standard 2.5-ton Army cargo t rucks .  28 During t h e  

1958 05LE t e s t s ,  JPL found t h a t  t h e  t r anspor ta t ion  of missile 

conta iners  i n  s tandard cargo vehic les  d id  not  comply wi th  Phase 

I1 a i r  t r a n s p o r t a b i l i t y ,  i n  t h a t  they could not  be loaded i n t o  

t h e  a i r c r a f t  without a u x i l i a r y  handling equipment. It a l s o  

encountered extreme d i f f i c u l t y  i n  securing t h e  conta iners  t o  the  

veh ic les ,  and t h e  rocket  motor posed a s p e c i a l  problem s i n c e  it 

overloaded t h e  2.5-ton M-36 t ruck,  causing damage t o  t h e  veh ic le  

during cross-country t r a n s p o r t a t i o n  t e s t s .  A s  a  r e s u l t  of these  

de f i c i enc ies ,  JPL proposed t h a t  t h e  packaged m i s s i l e  components 

be t ranspor ted  on t h e  same type of s p e c i a l  purpose l ightweight  

t r a i l e r  a s  t h e  Miss i l e  Tes t  S t a t i o n  (MTS) and F ie ld  Maintenance 

Tes t  S t a t  ion (FMTs) . 
(U) The s o f t - r i d e  t r anspor t  t r a i l e r  with t h e  s p e c i a l  Neidhart 

rubber suspension system would be designed t o  ca r ry  e i t h e r  two 

warheads i n  t h e i r  con ta ine r s ,  o r  a  guidance sec t ion ,  rocket  engine, 

and four c o n t r o l  surfnce  assemblies i n  t h e i r  conta iners  from the  

27(1) JPL F i n a l  Rept 20-137, 1 Oct 60, pp. 22-26, 78-79. 
RSIC. (2) In te r im I k s i g n  Re1 #Is-1, NNl t o  I D ,  ARGMA, 12 Oct 59. 
SPCF, Hx 13-813, RlIA. (3) OTCPl 37275, 17 Dec 59. RSIC. 

28 
See above, pp. 111-12, 124-25. - 



ammunition supply po in t  t o  t h e  f i r i n g  area .  Assuming t h a t  each 

f i r i n g  b a t t e r y  would be a l l o c a t e d  a  b a s i c  load of two m i s s i l e s  

and four warheads, a  t o t a l  of s i x  t r anspor t  t r a i l e r s  and six 

t ruck  t r a c t o r s  (prime movers) would be requi red ,  a s  follows: 
, 

6 M-275 t ruck  t r a c t o r s  (12,000 l b s .  each) - .  

1 erector- launcher s e m i t r a i l e r  (16,000 l b ~ . ) ~  
2  t r anspor t  t r a i l e r s  with guidance, f i n s ,  and rocket  

motor (16,000 l b s .  each) 
2  t r anspor t  t r a i l e r s  wi th  two warheads each 

(10,860 l b s .  each) 
1 t ranspor t  t r a i l e r  with MTS equipment (16,000 lbs . )  

Third and four th  echelon maintenance of t h e  above items would be 

provided by t h e  trailer-mounted FKCS i n  the  b a t t a l i o n  s e r v i c e  a rea .  

A l l  s e m i t r a i l e r s  wi th in  t h e  b a t t a l i o n  would be interchangeable 

and t h e  b a t t a l i o n  prime movers would be a v a i l a b l e  f o r  o the r  duty 

when required.  Aside from improving opera t ions  i n  and around 

t h e  a i rhead,  t h e  proposed m i s s i l e  t r anspor t  scheme would reduce 

t h e  number of t rucks  i n  the  f i r i n g  b a t t e r y  from e igh t  t o  four 

and t h e i r  type would be reduced from th ree  (M-35, M-36, M-275) t o  

one (M-275). I n  add i t ion ,  t h e  number of t ruck  d r i v e r s  would be 

reduced from e igh t  t o  four ,  and maintenance expenses would be 

much l e s s  s i n c e  the  t r a i l e r s  required l i t t l e  maintenance. 2  9 

(U) JPL ou t l ined  i t s  proposed t r anspor t  scheme&uring t h e  

S tee r ing  Committee Meet ing ' in  mid-1958 and followed t h i s  up wi th  

a  d e t a i l e d  w r i t t e n  r e p o r t  on 1.8 J u l y .  The Army General S t a f f  had 

a l ready approved t h e  use  of a  s p e c l a l  purpose s e m i t r a i l e r  f o r  t h e  

launcher, but  decl ined conc-urrence i n  t h e  proposed add i t ion  of 

non-standard veh ic les  pending f u r t h e r  study of poss ib le  a l t e r n a -  

t i v e s .  On t h e  b a s i s  of i n f o r m t i o n  supplied by ARGPL4, the  Chief 

of Ordnance reconmcnded t h a t  t h e  s p e c i a l  purpose vehic les  be 

author ized  f o r  t h e  erector-launche.r, t he  IQS, and the  FKCS, and 

2 9 ~ ~ ~  Rept, 18 J d  58, s ~ b j :  Use of Trans T l r  i n  t h e  SGT Sys, 
atchd t o  L t r ,  SGT P r o j  D i r ,  JPZ, t o  CG, tll:GYA, 18 Jul. 58, n . s .  
SPCF, Bx 13-813, RIM. 
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submit ted f o r  S t a f f  c o n s i d e r a t i o n  t h e  JPL 

l i gh twe igh t  m i s s i l e  t r a n s p o r t  t r a i l e r .  
3  0  

proposa l  f o r  t h e  s p e c i a l  

By t h e  end of 1958, 

CONARC and t h e  Army General  S t a f f  had concurred i n  t h e  development 

of s e m i t r a i l e r s  w i t h  t h e  Neidhart  rubber  suspension system f o r  

t h e  launcher ,  MTS, and FMTS, b u t  f i n a l  approval  of t h e  proposed 

m i s s i l e  t r a n s p o r t  t r a i l e r  was no t  forthcoming u n t i l  March 1959. 3  1 

(U) Meanwhile, Sper ry  completed des ign  work on t h e  XM m i s -  

s i l e  t r a n s p o r t  t r a i l e r  and d e l i v e r e d  six u n i t s  i n  October 1958 

f o r  O&E t e s t s .  Following f i e l d  t e s t s  of t h e  XM, t h e  tie-down 

technique  and Neidhart  suspens ion  system were r e f i n e d  t o  e l imi -  

n a t e  des ign  weaknesses, and t h r e e  of t h e  t r a i l e r s  were reworked 

t o  t h e  EM conf igu ra t ion  which 17as s u c c e s s f u l l y  t e s t e d  dur ing  t h e  

1959 CASE t e s t  program. Changes incorpora ted  i n  t h e  EM t r a i l e r  

des ign  included p rov i s ions  f o r  mounting t h e  t e s t  s t a t i o n  enclo-  

s u r e s  and a s s o c i a t e d  equipment, and t h e  inc lus ion  of  a s p a r e  

t i r e  i n  t h e  r e a r  of t h e  frame. The work p la t forms were rede-  

s igned ,  and s t e p s  and p l a t f o r m  were included t o  improve t h e  

personnel  working a r e a s .  By removing t h e  f ende r s  and work 

p la t form,  t h e  m i s s i l e  t r a n s p o r t  t r a i l e r  could be converted t o  

t h e  b a s i c  c h a s s i s ,  ready t o  accep t  t h e  t e s t  s t a t i o n  enc losures .  32 

(@ The ink  had s c a r c e l y  d r i e d  on t h e  approved m i s s i l e  

t r a n s p o r t  schernc when a  change i n  t h e  h a s i c  m i s s i l e  load  rendered 

i t  obso le t e .  A s  no ted  above, t h e  missi le .  t r a n s p o r t  p l an  had been 

p red ica t ed  on t h e  assumption t h a t  each f i r i n g  b a t t e r y  would be 

a l l o c a t e d  a load  of two m i s s i l e s  and fou r  warheads, r e q u i r i n g  a  

30(1) ---- I b i d ,  (2) TT ORDXR-RTG-i.007, A R G I U  Comdr t o  CofOrd, 
25 Jul. 58. (3)  IIF C m t  #I-,  c'XEj1 8830, CRD, DA, t o  CofOrd, 5  J u l  
58, subj :  SGT Trans.  (4) I)? Cnt #2, OWTU 00 /8~-8756 ,  CofOrd t o  
C P d ,  DA, 1 Aug 58, sane sub j .  A l l  i n  SPCF, B x  13-813, RHA. 

31(1) L t r ,  OmU 00/8~-15323,  CofOrd t o  CG, AOMC, 3  Dec 58, 
sub j :  SGT Trans,  w / i n c l s .  SPCF, B x  13-813, RIM. (2) DF C m t  ill, 
CRD/P 2879, CRII, Dh, t o  CofOrd, 13 Mar 59, sub j :  SGT Trans.  
SPCF, B x  13-836, RHAo 

3 2 ~ P L  F i n s 1  Rept 20-137, 1 Cct 60, pp. 37-38. RSIC. 



a t o t a l  of  four  t r a n s p o r t  t r a i l e r s .  (Each b a t t a l i o n  would have 

two f i r i n g  b a t t e r i e s ,  o r  a  t o t a l  requirement of e i g h t  m i s s i l e  

t r anspor t  t r a i l e r s  and e i g h t  prime movers t o  t r anspor t  the  

b a t t a l i o n  b a s i c  load of four  miss i l e s  and e i g h t  warheads.) Under 

t h e  approved employment d o c t r i n e  issued by the  Department of" the  

Army i n  May 1959, each SERGEANT b a t t a l i o n  would have two f i r i n g  

b a t t e r i e s  wi th  one launcher sec t ion  each and a  b a s i c  load of 

th ree  complete miss i l e s  ( inc luding warheads) per  launcher, o r  

six miss i l e s  per  ba t t a l ion .33  To s a t i s f y  the  revised  b a s i c  load, 

six t ranspor t  t r a i l e r s  would be required f o r  each f i r i n g  ba t t e ry ,  

o r  a  t o t a l  of 12 t r a i l e r s  per  bat tal ion-an increase  of four over 

t h e  previous plan. 

(4 I n  J u l y  1959, JPL recommended the  following t r anspor t  

scheme a s  t h e  most economical f o r  t h e  bas ic  load of t h r e e  m i s -  

s i l e s  per  ba t t e ry :  

3  t r anspor t  t r a i l e r s  each wi th  a  warhead sec t ion ,  guidance 
sec t ion ,  and four  f i n s  ( a l l  items requ i r ing  e l e c t r i c a l  
checkout) . 

3 t r anspor t  t r a i l e r s  each wi th  a  rocket  motor sec t ion  and 
miscellaneous cargo. 

The p re fe r red  Army system was i d e n t i c a l  t o  t h e  previous plan except 

t h a t  t h e  warhead t r anspor te r  would be  replaced by a  s tandard M-35 

t ruck  carry ing only one warhead. JPL was opposed t o  t h i s  scheme 

s ince  it was contingent  upon development of an a r t i c l e  not y e t  

proven; i . e . ,  tiedowns f o r  securing the  warhead t o  t h e  Army  t ruck.  3  4 

Both ARGMA and AOMC recommended the  adoption of JPL's proposed 

t r anspor t  system f o r  i n i t i a l  use, but  indica ted  t h a t  s t u d i e s  would 

be continued on a l t e r n a t e  warhead t r anspor t  methods, including use 

3 3 ~ ~  C m t  81, DCSOPS, DA, t o  CofOrd, e t  a l . ,  17 Jun 59, subj: 
Doctrine f o r  Employment of FAM, SGT, h i n c l  the re to ,  atchd t o  L t r ,  
00/9~-7315,  CofOrd t o  CG, A O X ,  10 P-ug 59, s-bj: same. SPCF, Bx 
13-826, 1'W.A. 

34~PL, Rept, SGT M s l  Sys Trans Srudy, 20 J u l  59. SPCF, Bx 
14-215, RIIA. 
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- 35 o f  t h e  s t anda rd  M-35 t ruck .  

(U) With t h e  change t o  t h e  t r a n s p o r t  t r a i l e r  concept  i n  March 

1959, JPL made t h e  necessary  des ign  adjustments  i n  t h e  missile 

c o n t a i n e r s  and met t h e  i n t e r i m  r e l e a s e  d a t e  wi thout  d i f f i c u l t y .  

The fol lowing i t e m s  were r e l e a s e d  i n  October 1959 f o r  l i m i t e d  

product  ion: 
3  6 

Case, Shipping,  Guided M i s s i l e  Control  Surface:  XM-123 

Container ,  Shipping and Storage,  Rocket Motor: XM-419 

Conta iner ,  Shipping and Storage ,  Guided Missile Body 
(Guidance) S e c t  ion: XM-420 

. Conta iner ,  Shipping and Storage ,  Guided Missile Body 
(Warhead) Sec t ion:  XM-421 

(U) Because of d i f f e r e n c e s  i n  packaging philosophy and 

c o n s i d e r a t i o n s  vary ing  t h e  re1.a.t i v e  importance of c e r t a i n  des ign  

c o n s t r a i n t s ,  t h e  P i c a t i n n y  Arsena l ,  i n  1958, undertook t h e  des ign  

of a  d i f f e r e n t  warhead c o n t a i n e r  which even tua l ly  rep laced  t h e  

XM-421 designed by JPL. A r e p r e s e n t a t i v e  of P i ca t inny  Arsenal  

introduced t h e  opposing XM-140 warhead c o n t a i n e r  dur ing  t h e  

s i x t h  SERGEANT S t e e r i n g  Committee Keet ing he ld  a t  F o r t  B l i s s  on 

30 September and 1 October 1959. The t h r u s t  of t h e  P i ca t inny  

argument cen te red  around t h e  aforementioned change i n  b a s i c  

warhead load  and u s e  of t h e  M-35 t r u c k  i n  p l a c e  of t h e  s p e c i a l  

purpose t r a n s p o r t  t r a i l e r .  It contended t h a t  use  of t h e  JPL 

c o n t a i n e r  w i t h  t h e  N-35 t r u c k  r e s u l t e d  i n  tiedown problems, 

whereas t h e  P ica t inny  des ign  d i d  no t .  Moreover, t h e  sma l l e r  

35(1) DF C D I ~  C I ,  c h f ,  RDD, ARGYA, t o  c h i ,  ARGM Con O ~ C ,  

5 Oct 59, sub j :  Doct r ine  f o r  EmpJ.oymnL of FAM, SGT. (2)  1st 
Ind,  CG, AOMC, t o  CofOrd, 4 hov 55, on L t r ,  00 /9~-7315,  CofOrd 
t o  CG, AOXC, 10 Aug 59, sub j  : Doc i r i n e  f o r  Employment of FAPI, 
SGT. (3)  L t r ,  00/9~-11689,  CofOrd t o  CG, AOMC, 14  Oct 59, subj :  
SGT Msl Sys Trans Study; & 1 s t  Ind, CG, AOMC, t o  CofOrd, 16 Nov 
59. A l l  i n  SPCF, Bx 13-826, R!W. 

36(1) I n t e r i m  Re1 1118-1, N,CKi RDD t o  I D ,  12 Oct 59. SPCF, 
Bx 13-813, RIIA. (2) OTCM 37275, 17 Dcc 59. RSIC. 



width of t h e  Pica t inny design would permit two conta iners  t o  be 

loaded on t h e  M-35 t ruck  wi th  the  t a i l g a t e  up, i n  c o n t r a s t  t o  

only one JPL conta iner  wi th  the  t a i l g a t e  down. I n  view of these  

and o the r  cons idera t ions ,  t h e  s t e e r i n g  committee requested t h a t  

JPL f u r n i s h  Pica t inny Arsenal  an engineering model of i t s  warhead 
3 7 conta iner  f o r  use i n  comparative evaluat ion  t e s t s .  

(U) Ear ly  i n  November 1959, before  t h e  comparative evaluat ion 

t e s t s  began, r ep resen ta t ives  of a l l  i n t e r e s t e d  agencies at tended 

a meeting a t  P ica t inny Arsenal t o  examine t h e  drawings of both 

conta iners  and determine t h e  extent  to.which each met t h e  MCts. 

According t o  JPL, they determined t h a t  the  XM-421 conta iner  

d id  not  compromise any of t h e  system M C t s .  I n  a r epor t  t o  t h e  

ARGMA Commander, i n  December 1959, M r .  R. J. Parks advised t h a t  . "- 

t he  Pica t inny warhead conta iner  d id  not  o f f e r  any s i g n i f i c a n t  

design improvements and t h a t  it was not  compatible wi th  t h e  sys-  

tem requirements i n  i t s  present  s t a t e  of development. Point ing  

t o  t h e  c r i t i c a l  funding l i m i t a t i o n s  i n  t h e  SERGEANT program, he 

declared: "It is d i f f i c u l t  . . . t o  understand . . . how i t  was 

poss ib le  f o r  Pica t inny t o  design and bu i ld  an a l t e r n a t e  prototype 

conta iner  when they could have purchased an Engineering Model 

Sergeant conta iner  and evaluated i t  a t  considerably l e s s  expense." 

He suggested t h a t  ARGMA should cause agencies such a s  pic at inn.^ 

Arsenal  t o  work more c lose ly  with JPL and SUEL f o r  t h e  improvement 

of the  SERGEUT system, wi th in  the  framework of the  approved de- 

s ign ,  r a t h e r  than permit the  p u r s u i t  of a d d i t i o n a l  development 

work such a s  t h e  proposed a l t e r n a t e  conta iner .  38 

(U) Following a s e r i e s  of simulated f i e l d  handling and t rans-  

por t a t ion  shock and vibra t ior ,  t e s t s ,  i n  January 1960, Picat inny 

3 7 ~ i n s  of S ix th  SGT Steer ing  Com Mtg, F t  B l i s s ,  Tex, 30 Sep - 
1 Oct 59, pp. 22-23. SPCF, Ex 14-24, RHA. 

3 8 
L t r ,  R. J .  Parks, SGT PI-oj D i r ,  JPL,  t o  N i G M A  Comclr, 14 

Dec 59, n.s.  SPCF, Ex 7-129, X i i .  



Arsenal  r epo r t ed  t h a t  i t s  con ta ine r  s u c c e s s f u l l y  passed a l l  of 

t h e  e x e r c i s e s ,  whereas t h e  JPL des ign  f a i l e d  t o  p r o t e c t  t h e  

warhead s e c t i o n  from t h e  shock and v i b r a t i o n  environment. Con- 

c lud ing  t h a t  t h e  Arsena l  could n o t  " a t t e s t  t o  t h e  r e l i a b i l i t y  of 
, 

t h e  warhea.d s e c t i o n  i f  t r a n s p o r t e d  i n  t h e  J1.L [XM-4211 conta iner , "  

t h e  Commander of P i ca t inny  recommended t h a t  t h e  a l t e r n a t e  (XM-140) 

design,  w i t h  minor mod i f i ca t ions ,  be  used a s  t h e  SERGEANT warhead 

s e c t i o n  con ta ine r .  39 JPL argued t h a t  t h e  XM-421 c o n t a i n e r  was 

t h e  product  of 3  yea r s  of t r a n s p o r t  and experimental  t e s t i n g  and 

t h a t  t h e r e  was no b a s i s ,  t e chn ica l  o r  o therwise ,  f o r  changing t h e  

des ign  philosophy. It a l s o  poin ted  o u t  t h a t  road t e s t s  by t h e  

Laboratory had shoiam t h a t  an  M-35 t r u c k  could n o t  t r a n s p o r t  t h e  

warhead con ta ine r  unsecured wi thout  ex t ens ive  damage t o  t h e  t ruck .  40 

(U) Even so,  t h e  ARGMA Commander decided t o  u s e  t h e  FY 1959 

buy of JPL (XN-421) c o n t a i n e r s  f o r  n o n - t a c t i c a l  c la imants  and t o  

procure  t h e  P ica t inny  Arsena l  (XM-140) c o n t a i n e r  f o r  a l l  t a c t i c a l  

a p p l i c a t i o n s .  Following &E f f e l d  t r a n s p o r t  t e s t s  of t h e  XM-140 

c o n t a i n e r ,  t h e  weapon system manager a t  ABMA, i n  J u l y  1961, 

d i r e c t e d  t h a t  t h e  M-35 t r u c k  be used a s  t h e  warhead s e c t i o n  

t r a n s p o r t e r  i n  l i e u  of t h e  t ractor-drawn JPL s e m i t r a i l e r  pre-  

v i o u s l y  approved by t h e  Army General S t a f f .  4  1 

3 9 ~ ~  Rept,  29 Feb 60, subj :  Eval of Shipping Cntnrs  f o r  SGT 
Whd Sec XX62, & "Analysis of T e s t  Resu l t s , "  a tchd  a s  i n c l s  t o  
L t r ,  CO, PA, t o  ARGPIA Comdr, 5  Apr 60, subj :  Resu l t s  of PA Cntnr  
Eval Program. SPCF, Bx 7-129, RHAo 

4 0 ~ ~ ~  Pub No. 179, 5  J u l  60, subj :  SGT Foresec t ion  Cntnr ,  
pp. 1-2. SPCF, BX 7-130, RHA. 

41(1) DF C m t  /I, Chf, ROD, hfiGM4, t o  Chi, I D ,  11 Apr 60, 
subj :  SGT Whd Cntnr Froc; & CrnL #?_, Chf, I D ,  t o  Chf, RDD, 28 Apr 
60, same subj  . (2)  L t r ,  ARCFLA Coilldr t o  CO, PA, 3  May 60, subj :  
SGT Wlld Cntnr.  (3)  DF C m t  i ' 2 ,  SGT/CPL b?pn Sys Mgr, RDO, ABI\W, to  
ABPIA Con Ofc, 31  May 61, sub j :  Sc:T Wpn Sys Plan.  A l l  jn SPCF, Bx 
7-129, Rlt?. (4) DF C m t  # 2 ,  SC'l /cW Wptr Sys Mgr, RDO, t o  hBiviA Con 
Ofc, 11 J u l  61, subj :  Whd C n t n r  Trans .  SPCF, Rx 13-825, RHA. 
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Maintenance T e s t  S t a t i o n s  1 

(U) The R&D and XM maintenance t e s t  s t a t i o n s  supported t h e  

Phase I1 and I11 f i r i n g  programs and provided t h e  d a t a  f o r  

development of techniques  r equ i r ed  t o  produce t h e  EM systems; 
42 

The R&D OMTS phase l a s t e d  t o  Round 14 of Phase 11. The XM 

au tomat ic  equipment was used from Round 1 4  through 28, com- 

p l e t i n g  t h e  Phase I11 program and r e s u l t i n g  i n  t h e  EM OMTS 

(AN-MSM-35) r e l e a s e d  t o  I n d u s t r i a l  i n  October 1959. The XM 

FMTS was d e l i v e r e d  t o  JPL i n  November 1958 and checked out  f o r  

u se  i n  suppor t  of Phase IS1  f i r i n g s  beginning i n  December 1958. 

The EM FKCS (AN/w~-36)  was a l s o  r e l e a s e d  t o  I n d u s t r i a l  i n  

October 1959. 
43 

(U) As a r e s u l t  of problems encountered w i t h  t h e  a i r  con- 

d i t i o n i n g  u n i t s  i n s t a l l e d  on t h e  M t e s t  s t a t i o n s , 4 4  and a  

b e t t e r  understanding of t h e  t a c t i c a l  requirements  and capab i l -  

i t ies  of t h e  e l e c t r o n i c  equiprncnt and ope ra to r  personnel ,  JPL 

decided t o  ~ r c ? v i d e  the EM'S I J ~  t-h nnl y  h c a l  i n g  and v e n t i l a t i n g  

equipment. A pre l iminary  eva lua t ion  ind ica t ed  t h a t  t h e  hea t ing  

and v e n t i l a t i n g  system was both  compatible  and c o n s i s t e n t  w i th  

t h e  t a c t i c a l  requirements  of t h c  system. 4 5 
Soon a f t e r  t h e  i n t e r i m  

R&D r e l e a s e ,  however, t h e  AO3IC Engineer O f f i c e  o u t l i n e d  s e v e r a l  

p o t e n t i a l  problem a r e a s  regard ing  t h e  ope ra t iona l  e f f i c i e n c y  of  

t h e  F'MTS, where t h e  subassemblies would have t o  be opened f o r  

42 
For  a  d e s c r i p t i o n  of t h e  t e s t  s t a t i o n  func t ions  and XM 

des ign ,  see above, pp. 127-29. 

43(1) I n t e r i m  Re1 818-1, AKGEIA RDD t o  ID, 12 Oct 59. SPCF, 
Bx 13-813, RI-U. (2) JPL F i n a i  Kept 20-137, .L Oct 60, pp. 90-91, 
99, 105. RSIC. 

44 
Inc luding  a  very  h igh  s t a r t i n g  power demand, making them 

incompatible  under some cond i t i ons  w i t h  a gas t u r b i n e  genera tor  
then  i n  use;  i n t roduc t ion  of vo l t age  t r a n s i e n t s  troublesome t o  
t h e  e l e c t r o n i c  equirment;  and excessive n o i s e  2nd s h o r t  l i f e  of 
some components. I h i d , ,  p .  35. 

451bid * 3 p . 3 5 .  
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r e p a i r .  Although t h e  heat ing  and v e n t i l a t i n g  system provided some 

measure of temperature con t ro l ,  it could no t  prevent d i r t ,  dus t ,  

and moisture from en te r ing  the  subassemblies while under r e p a i r .  

Moreover, p e r s p i r a t i o n  from opera t ing  personnel could poss ib ly  

a f f e c t  t h e  gold-plated con tac t s  wi th in  c e r t a i n  subassemblies: 

While e x i s t i n g  regu la t ions  prohibi ted  the  provision of a i r  

condit ioning f o r  personnel comfort, it appeared very l i k e l y  t h a t  

such equipment would be requi red  f o r  e f f i c i e n t  opera t ion  of the  

FMTS. Nevertheless, t h e  Senior  ARGMA Representat ive a t  SUEL 

concluded t h a t  t h e r e  was i n s u f f i c i e n t  evidence t o  warrant in-  

s t a l l a t i o n  of a i r  condit ioning equipment and recommended t h a t  it 

not  be introduced. Accordingly, t h e  I n d u s t r i a l  Division repor ted ,  

i n  March 1960, t h a t  no funds were being programmed f o r  t h a t  
46 

purpose. (Some 14 months l a t e r ,  ABMA determined t h a t  a i r  con- 

d i t i o n i n g  would be requi red ,  not  only f o r  t h e  F'MTS, but  a l s o  f o r  

t h e  OMTS and f i r i n g  s e t .  A i r  condi t ioners  f o r  support of t h e  

f i n a l  Phase V f i r i n g s  had t o  be borrowed from t h e  Corps of Engi- 

neers ,  and t a c t i c a l  U R ~ L S  f o r  iilocit IV i~ i ( iusLr ia l  equipnleiit had 
47 t o  be developed under pressure  of an extremely s h o r t  deadline.  ) 

(U) Procurement Breakout and Change Order Procedures 

(U) The o r i g i n a l  ,Research Change Order system s e t  up by JPL  

was supplanted by the  l e s s  f l e x i b l e  In ter im Engineering Order 

(IEO) procedure, following a meeting a t  ARGMA i n  December 1958. 

This  compromise procedure provided f o r  the  con t ro l  of engineering 

changes f o r  both the  R&D and I n d u s t r i a l  designs and was intended 

4 6 ~ F  Crnt 81, SXR/SUEL t o  Clrf, LCB, RDD, ARGMR, 21 Mar 60, 
subj:  A i r  Condg f o r  the  SGT PblTS; C m t  #2, Chf, SGT Sec, LCB, RDD, 
t o  Chf, Gcn Sp t  Sys B r ,  LD, 25 Mar 60; & C m t  #3, Chf, Gen Spt Sys 
B r ,  I D ,  t o  Chf, LCB, RDD, 30 Mar 60. SPCF, 7 . i ~  7-128, NU. 

47(1) SGT Prog Rept f o r  J u l y  1961, A B M ,  pp. 1 - 2 .  (2)  DF 
C m t  # I ,  Chf, AOMC Con Ofc, t o  CG, AOHC, et &. , 27 Scp 61, subj: 
SGT Comd Program Presn. Both i n  II is t  Di.v F i l e .  
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t o  insure  a s i n g l e  production l i n e  and a common s e t  of engineer- 

ing orders  f o r  both s e t s  of equipment. It was followed i n  Ju ly  

1959 by the  d isputed  t r a n s f e r  of engineering change order  
48 c o n t r o l  from R&D t o  I n d u s t r i a l  and the  concurrent announcement 

of t h e  procurement breakout plan. The breakout plan announced 

by t h e  ARGMA I n d u s t r i a l  Division was intended t o  provide f o r  

mul t ip le  production sources i n  case  of war and f o r  competi t ive 

bidding f o r  subcontracted mass production of the  system. A s  a 

r e s u l t ,  t h e  Frankford, Watertown, and D e t r o i t  Arsenals  were 

engaged during the  summer of 1959 i n  using SUEL drawings t o  

ar range  f o r  production of t h e  system by o the r  organiza t ions  on 

a competi t ive bidding bas is. 

(U) While recognizing t h e  necess i ty  of such a plan, both JPL 

and t h e  ARGMA RdrD Divis ion  f e l t  t h a t  it was imposed prematurely 

f o r  the  SERGEANT, s i n c e  the  Army was at tempting t o  bu i ld  t h e  

equipment we l l  before  completion of t h e  R&D e f f o r t  and before  

SUEL had b u i l t  even one m i s s i l e  t o  any s e t  of drawings. Encum- 

brances such a s  t h i s  and the  premature imposition of IEO 

requirements impeded progress of the  R&D a c t i v i t i e s  when they 

were i n  the  g r e a t e s t  need of f l e x i b i l i t y  and freedom from 

r e s t r i c t i o n .  Sperry was placed i n  t h e  pos i t ion  of having two 

bosses and proceeded t o  play o f i  one a s a i n s t  the  o the r  t o  t h e  

detr iment  of the  program. It was con t inua l ly  faced wi th  demands 

of i n d u s t r i a l  requirements from ARGMA simultaneously wi th  R&D 

ob l iga t ions  from JPL, and these  were very frequently in  c o n f l i c t .  

Sperry ' s long-term i n t e r e s t  was obviously wi th  I n d u s t r i a l ;  and 

when c o n f l i c t s  a rose ,  t h e  R&D e f f o r t  d e f i n i t e l y  took t h e  back 

s e a t ,  wi th  c e r t a i n  comporicnts of the  sys tern being redes ignec! 

under the  i n d u s t r i a l  con t rac t .  K i t 1 1  JPL unable Lo con t ro l  

changes fed  i n t o  t h e  equipment, R E J  t e s t s  had a buil t- i .n  

p o t e n t i a l  of f a i l u r e  i n  the  form of untes ted  designs incorporated 

48 See above, pp. 81.-83. - 
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by SUEL. 
49 

Moreover, t h e r e  was an inord ina te  amount of d u p l i c a t e  

e f f o r t ,  wi th  SUEL o f t e n  being paid t o  do t h e  same work under R&D 

Technical Guidance Di rec t ives  (TGD1 s )  from JPL and i n d u s t r i a l  

Engineering Service  Memoranda (ESM) from ARGMA. 
50 

, 
(U) The end r e s u l t  was a chao t i c  t r a n s i t i o n  period during 

1959-60, wi th  mul t ip le  t echn ica l  problems fo rc ing  a s l ippage  i n  

t h e  R&D program and a consequent delay and s t r e t c h o u t  of t h e  

f i r s t  (FY 1959) i n d u s t r i a l  procurement. This  delay and s t r e t c h -  

ou t  was s i g n i f i c a n t  enough t o  obvia te  t h e  requirement f o r  t h e  

approved FY 1960 procurements, most of .which were rescheduled t o  

FY. 1961. The rev i sed  breakout plan the re fo re  l imi ted  FY 1960 

procurement t o  a small  number of items requi red  f o r  support and 

completion of t h e  f i r s t  procurement i n  FY 1959. Chief among 

t h e s e  were t h e  XM-53 rocket  motor and t h e  XM-504 launcher, a 

small quan t i ty  of which was authorized t o  prove out  t h e  design 

wi th  p i l o t  models and e s t a b l i s h  a Government c a p a b i l i t y .  51 

(U) I n  the  wake of t h e  problems and schedule setbacks stem- 

ming from t h e  premature t r a n s f e r  of EO con t ro l ,  R&D Operations of 

ABPIA (which assumed system r e s p o n s i b i l i t y  from ARGMA i n  August 

1960) argued t h a t  "it must have con t ro l  of RDA [Request f o r  

Deviation Approval] . . . and subsequently I E O  approval t o  insure  

49(1) JPL F i n a l  Rept 20-137, 1 Oct 60, p. 7. RSIC. (2) L t r ,  
D i r ,  JPL, t o  ARGFlA Comdr, 23 Nov 59, n.s .  H i s t  Div F i l e .  (3) L t r ,  
ARGFlA Comdr t o  CG, WSMR, 27 Aug 59, subj:  1960 SGT OStE Tes t  Prog- 
ram, w/incl:  SGT I E O  Procedure, 18 Dec 58. SPCF, Hx 13-826, RHA. 
(4) DF, Chf, RDD, t o  Chf, ID, 30 Jun 59, subj:  SGT I E O  Procedure. 
F i l e  same. 

5 0 ~ o r  example, an i n d u s t r i a l  ESM authorized SUEL t o  rcview 
the  R&D documentation f o r  production adequacy a t  a c o s t  of nore 
than $35,000, while the  R&D TGD1s assigned t o  SUEL under sub- 
con t rac t  wi th  JPL provided f o r  e s s e n t i a l l y  the  same work. DF, 
SGT Sec, LCB, PMS, RDD, t o  D i r ,  Gen Spt Sys B r ,  ID, 31 J u l  59, 
subj:  Dupe E f f o r t  a s  a Result  of ESM. SPCF, Bx 13-826, RHA. 

51(1) OTCM 37238, 5 Nov 59. RSIC. (2) DF C m t  # l ,  Chi, Gen 
Spt Sys B r ,  I D ,  t o  Chf, I D ,  et &., 6 Jun 60, subj: SGT GI1 Sys 
Breakout Plan, w/incl .  H i s t  Div F i l e .  

159 



adequate  t e c h n i c a l  un i formi ty  w i t h i n  t h e  SERGEANT fami ly  of  equip- 

ment." However, a s  be fo re ,  I n d u s t r i a l  Operat ions r e t a i n e d  t h e  

upper hand, and agreed t o  a l low R&D approval  of only those  changes 

connec&d w i t h  t h e  R&D c o n t r a c t  (ORD-1605) . 52 With JPL a l r eady  

phased ou t  of t h e  R&D program and most of t h e  SERGEANT hardwire 

being produced under i n d u s t r i a l  con t r ac t s ,53  t h e  way was thus  

opened f o r  r edes ign  of  t h e  system under t h e  p r e t e x t  of  product  
54 

improvement. Some of t h e  component changes were necessary  t o  

c o r r e c t  d e f i c i e n c i e s  l e f t  unsolved by JPL; o t h e r s  were unnecessary 

o r  were e f f e c t e d  t o o  l a t e  i n  t h e  program t o  be incorpora ted  i n  t h e  

f i r s t  t a c t i c a l  d e l i v e r i e s .  55 

@ Revision of t h e  Commodity Schedule (U) 

(U) An Engineering Model phase, w i th  m i s s i l e s  b u i l t  by SUEL 

t o  JPL design,  was a n  i n t e g r a l  p a r t  of t h e  program plan  from t h e  

beginning. The f l i g h t  t e s t  of Round 30-the f i r s t  of t h e  Phase I V  

EM f i r i n g s  and t h e  f i r s t  t o  be  completely f a b r i c a t e d  and checked 

o u t  by SUEL-had been scheduled f o r  October 1959. A c a r e f u l  

assessment of t h e  program i n  e a r l y  A p r i l  1959 ind ica t ed  no s i g n  

of a schedule s l i ppage .  Three months l a t e r ,  on 1 5  J u l y ,  ARGMA 

conducted a survey of t h e  program wi th  JPL and SUEL, and found it 

5 2 ~ ~  C m t  # I ,  D i r ,  SGT-CPL P r o j  Ofc, t o  Chf, RDO, 25 Oct 60, 
sub j :  Ppsd SGT RDA Procedure, w / inc l s .  SPCF, Bx 7-127, RHA. 

5 3 ~ s i d e  from i t s  t r a i n i n g  c o n t r a c t  (ORD-1586) and engineer ing  
s e r v i c e s  c o n t r a c t  (ORD-1668), SUEL had four  i n d u s t r i a l  c o n t r a c t s  
(ORD-2024, -1503, -2026, and -1444) and was producing both PAD 
and i n d u s t r i a l  hardware on a s i n g l e  product  ion l i n e  from a corninon 
s e t  of drawings. See I n c l  1 t o  DF c i t e d  i n  f n  52. 

54 
See above, pp. 55-64, 81-83. - 

5 5 ~ y p i c a l  of t h e  eleventh-hour  changes i n  t h e  JPL-des igned 
system were t h e  aforementioned adoption of t h e  P i ca t inny  warhead 
c o n t a i n e r  i n  1960 and t h e  d e c i s i o n  i n  1961 t o  u se  t h e  M-35 t r u c k  
a s  t h e  t r a n s p o r t e r  i n  l i e u  of t h c  JPL s e m i t r a i l e r .  Other equa l ly  
l a t e  changes, such a s  t h e  s h i f t  f r o n  t h e  Ncidhart  t o  t h e  t o r s i o n  
ba r  suspension system i n  1961, w i l l  be  d iscussed  l a t e r .  



-- 

t o  be e s s e n t i a l l y  on schedule toward meeting t h e  ~ u 6 ) ; t  1961 

readiness  da te ,  although t h e r e  was an apparent  s l ippage  i n  t h e  

R&D t e s t  program. A t  t h a t  time, t echn ica l  d i f f i c u l t i e s  had 

caused a delay i n  t h e  Phase I11 XM f i r i n g s ,  so t h a t  Rounds 25 

and 26 were s e t  back from June t o  l a t e  August, wi th  t h e  last'two 

rounds t o  be f i r e d  i n  September. During t h e  program survey, JPL 

assured ARGMA t h a t  it had t h e  problems i d e n t i f i e d  and would be 

a b l e  t o  f i n d  s o l u t i o n s  i n  time f o r  o the r  por t ions  of t h e  program 

t o  proceed on schedule. Sperry was confident  t h a t  t h e  reduced 

production leadtime r e s u l t i n g  from t h e  t echn ica l  problems could 

be overcome and assured ARGMA t h a t  i n d u s t r i a l  d e l i v e r i e s  of major 

items would be made on schedule. 56 

@) I n  mid-August 1959, SUEL assumed r e s p o n s i b i l i t y  f o r  t h e  

genera l  scheduling a c t i v i t y  under JPL's cognizance. JPL had 

a l ready es tab l i shed  t h e  f i r i n g  program, so  t h a t  Sperry ' s  main 

e f f o r t  was d i r e c t e d  toward t h e  development of a compatible master 

schedule f o r  t h e  manufacture and de l ive ry  of major items f o r  t h e  

Phase I V  EM program.57 In  l a t e  August 1959, while SUEL'S master 

schedule was being prepared, t h e  Phase I11 XM t e s t  mogram a t  WSMR 

suf fe red  another  setback. Round 25 was f i r e d  on 25 August, a s  

planned; but  t h e  attempted f i r i n g  of Round 26 ended i n  an e l e c t r i -  

c a l  f a i l u r e  during countdown, with damage t o  t h e  m i s s i l e  and 

f i r i n g  s e t  components. The a f f e c t e d  equipme.nt had t o  be re turned 

t o  JPL f o r  co r rec t ion  and r e p a i r ,  delaying the  l a s t  t h r e e  Phase 

I11 f i r i n g s  (Rounds 26, 27, and 28) u n t i l  l a t e  October 1959, some 

2 weeks a f t e r  t h e  in ter im R&D re lease .  58 

56(1) L t r ,  NiGMA Comdr t o  CG, AOIE, 17 J u l  59, subj :  SGT 
S t a t u s  Review. His t  Div F i l e .  (2) TT ORUXR-KHL-253, ARGMA 
Comdr t o  CofOrd, 16 J u l  59. SPCP, Bx 13-826, RHA. 

5 7 ~ ~ ~  F i n a l  Rept 20-137, 1 Oct 60, p. I & .  RSIC. 

58(1) TT ORDXR-RliL-333, AllGEIA Comdr t o  CofOrd, 3 Sep 59. 
(2)  TT ORDXR-KHL-369, same t o  same, 18 Sep 59. Both i n  SPCF, 
Bx 13-826, RIW. (3) Also sen,. above, p. 13s. 



I (n The r e s u l t s  of t h e  Phase I11 t e s t  program pinpointed 

severa l  t echn ica l  d i f f i c u l t i e s  r equ i r ing  t h e  redes ign of some 

components. Of prime concern were problems wi th  e l e c t r o n i c  

n o i s e  i n  t h e  guidance loop and excessive hea t  i n  the  miss i l e -  

borne guidance platform and arming decis ion  device,  a l l  of which 

adversely a f f e c t e d  weapon system accuracy. JPL proposed t o  so lve  

these  problems wi th  a new D. C. power supply, an a i r - t o - a i r  heat  

exchanger f o r  t h e  guidance platform, and blowers f o r  c i r c u l a t i n g  

t h e  a i r  over t h e  hot  spots .  Although these  and a l l  o the r  neces- 

sary  c o r r e c t i v e  measures were t o  have been r e f l e c t e d  i n  the  f i r s t  

EM hardware (beginning wi th  Round 30) , t h e  f i n a l  des igns would 

not  be introduced u n t i l  l a t e  i n  t h e  Phase I V  f i r i n g s .  Neverthe- 

l e s s ,  JPL and Sperry f e l t  t h a t  t h e  t echn ica l  d i f f i c y l t i e s  could 

be solved by p lac ing a d d i t i o n a l  engineering e f f o r t  on redesigning 

the  components involved which would then be t e s t e d  f o r  v e r i f i c a t i o n  

by mid-1960. This meant a s l i p  i n  the  I&D f i r i n g  schedule, but  

wi th  success t h e  program would be back on schedule by October 1960 

and t h e  r e s t  of che program wvuicl Lc u u d f e c t e d .  

(03 The f i r s t  master sclledule issued by SUEL on 15 October 

1959 thus provided f o r  de l ive ry  of Phase I V  EM rounds i n  t h r e e  

blocks during the  f i r s t  ha l f  of 1.960: Block A i n  January; 

Block B i n  February; and Block C i n  Nay. The Block A and B mis- 

s i l e s  would be equipped wi th  a 2-horsepower a i r  condi t ioner  a s  an 

in te r im f i x  f o r  t h e  guidance compartment heat ing  problem, with 

t h e  f i n a l  s o l u t i o n  t o  be i n t r o d x e d  i n  .Lhe Block C rounds. The 

f i n a l  r e l e a s e  t o  I n d u s t r i a l  vould be e f fec ted  i n  Ju ly  1960, and 

Phase V indust r ia l .  d e l i v e r i e s  f o r  system proof t e s t s  would begin 

i n  August 1960. 
5 9 

--- 

59(1) JPL F i n a l  Repr 2.0137, 1 O s t  60, p. 7 .  RSIC. (2) DF 
C m t  #3, D i r ,  SGT Sec, LCB, F?IS, RT~l), t o  D i r ,  Gen Spt  Sys B r ,  I D ,  
21 Sep 59, subj:  Guidance Con~parl-i~lcnt Heating ~ r o b l e m .  SFCF, Bx 
13-826, RIW. (3) Dl7 C:nL #I,  Dir, SCT Sec, LCD, PFE, RDD, 14. Oct 
59, subj:  Problerr, Arccls iu'ithln tlie SGT Sys. F i l e  same. 



(U) During t h e  remaining months of 1959, i t  became inc reas -  

i ng ly  apparent  t h a t  JPL had underest imated t h e  magnitude of  t h e  

t e c h n i c a l  problems and t h a t  SUEL would be  unable t o  provide  t h e  

l e v e l  of engineer ing  e f f o r t  r equ i r ed  t o  meet i t s  schedule commit- 

ments. I n  a d d i t i o n ,  t h e  s t e e l  s t r i k e  had a c r i t i c a l  impact on 

t h e  q u a l i t y  and c o s t  of t h e  i n i t i a l  AMF l aunchers ,  and a h igh  

r e j e c t i o n  r a t e  of Minneapolis-Honeywell gyroscopes slowed t h e  

product ion of guidance p la t forms a t  SUEL. Despi te  a concer ted  

e f f o r t  t o  g e t  t h e  program back on schedule,  ARGMA r epo r t ed  i n  

January 1960 t h a t  t h e  Block A EM d e l i v e r i e s  would be*elayed and 

t h a t  $3.5 m i l l i o n  i n  a d d i t i o n a l  R&D funds would be needed t o  cover  

increased  c o s t s  of t h e  engineer ing  e f f o r t  through JPL's phaseout 

i n  June. 
60 

, , 

(e) A c l o s e r  look a t  t h e  program i n  March 1960 confirmed 

t h a t  f i n a l  s o l u t i o n s  t o  p r e v a i l i n g  t e c h n i c a l  problems would 

t a k e  longer  than JPL had expected, and t h a t  SUEL had d e f i n i t e l y  

underest imated t h e  scope of i t s  engineer ing  and product ion t a sk .  

The l a r g e  number of engineer ing  change o rde r s  introduced by JPL 

and t h e  i n a b i l i t y  of SUEL t o  inco rpora t e  such changes i n  drawings 

and m a t e r i e l  i n  a t imely  manner c r e a t e d  product ion problems and 

consequent schedule de lays .  I n  a b r i e f i n g  t o  t h e  Sec re t a ry  of 

t h e  Army and t h e  Army Chief of S t a f f  on 14  A p r i l  1960, OCO 

presented  a proposed r e v i s i o n  of t h e  commodity p lan  which 

r e f l e c t e d  a 10-month s l i p p a g e  i n  t h e  Ordnance Readiness Date 

(from August 1961 t o  June 1962).  D e t a i l s  of t h e  r ev i sed  p l an  a s  

approved i n  l a t e  April- 1960 a r e  shown i n  t h e  accompanying c h a r t .  

S i g n i f i c a n t  changes i n  t h e  key t a r g e t  d a t e s  were a s  fol lows:  

b 
60(1) JPL F i n a l  Rept 20-137, 1 Oct 60, pp. 7-8, 14. RSIC. 

(2)  DF, ARGMA Co~ndr t o  CG, AOMC, 12 Oct 59, s u b j  : SGT Lchr Pdn. 
H i s t  Div F i l e .  ( 3 )  DF, Chf, RDD, t o  ARGZh Comdr, 23 Oct 59, 
subj :  Re jec t ion  of Gyroscopes f o r  SGT Sys M s l .  SPCF, Bx 13-826, 
RHAo (4)  SS ORDXR-C-15-60, ARC-NA Con Ofc, 27 J a n  60, subj :  Adj 
SGT Program, w/i.ncl: TT, CofOrd t o  CG,  AOMC, 25 Jan 60. H i s t  
Div F i l e .  (5)  Also s e e  above, pp. 54-64. -- 



I -. 

Event J u l  59 P lan  Mar 60 Plan  Change 

F i r e  Rd 30 ( 1 s t  EM - Blk A / P ~  IV). Jan 60 May 60 4 mos. 
F i r e  Rd 4 0  (Block C / ~ h a s e  IV) . . . . . Jun 60 Oct 60 4 mos. 
Begin Engineer-User Test. . . . . . . . . .  Oct 60 Oct 61  12  mos. 
I n i t i a l  I n d u s t r i a l  Del ivery. .  . . . . . Jan 60 Oct 60 9 mos. 
Equipment f o r  Key Personnel  Tng... Feb 60 Nov 60 9 mos. 
Equipment f o r  Ordnance Tra in ing . . .  Mar 60 M a r 6 1  12mos .  
Equipment f o r  A r t i l l e r y  Tra in ing .  . May 60 May61  12mos .  
F i r s t  T a c t i c a l  Equipment .......... J u l  61  Mar 62 8 mos. 
F i r s t  A c t i v a t i o n  of Ar ty  Units. . . .  Aug 61  May62 10mos .  
Ordnance Readiness Date.... . . . . . . .  Aug 61 J u n  62 10 mos. 
1 4  B a t t a l i o n  S e t s  Available. . . . . . .  4 t h  Quar te r ,  FY 1964 

(I) To minimize t h e  requirement  f o r  a d d i t i o n a l  FY 1960 RDTE 

funds and t o  permit  t h e  product ion  c o n t r a c t o r  t o  concen t r a t e  on 

key t e c h n i c a l  problems and equipment changes, f i v e  rounds were 

d e l e t e d  from t h e  Phase IV EM f i r i n g  schedule,  reducing t h e  number 

of f l i g h t  t e s t s  from 19 t o  14. To implement t h e  r e v u e d  plan,  t h e  

o v e r a l l  program through FY 1964 would r e q u i r e  an  a d d i t i o n a l  $3.8 

m i l l i o n  i n  RDTE funds: $2.4 m i l l i o n  i n  FY 1960 t o  cover  increased  

engineer ing  and m a t e r i a l  c o s t s  and work on t h e  new warhead adap- 

urrrron  iii FY 1962 f o r  conponefits of t h e  new iioa kit; $I.& --"" 

atomic warhead and t h e  h ighe r  c o s t s  of hardware and overhead 

d i r e c t l y  r e l a t e d  t o  t h e  program delay.  The t o t a l  PEMA program 

through FY 1964 would r e q u i r e  a n e t  i nc rease  of  $19.3 mi l l i on .  

Th i s  included an  inc rease  of $4.3 m i l l i o n  t o  complete t h e  FY 1959 

o b l i g a t e d  program f o r  50 missiles, 17 s e t s  of ground equipment, 

and 11 s e t s  of Type I V  t e s t  equipment. A s  noted e a r l i e r ,  most of 

t h e  planned FY 1960 procurements were cance l l ed ,  and t h e  FY 1960-61 

programs were reduced by $25.8 mi l l i on .  Programs f o r  subsequent 

yea r s  (FY 1962-64) were increased  by $40.8 mi l l i on .  (See Table  2.) 

J) I n  a d d i t i o n  t o  t h e  foregoing c o s t  i nc reases ,  about  $7.16 

m i l l i o n  wou1.d be  r equ i r ed  f o r  support  of t h e  CORPORAL f o r  one 

more yea r .  The c o s t  t o  suppor t  t h e  new schedule from FY 1961 

through FY 1965 would be $16.05 mi l l i on ,  i n s t ead  of t h e  planned 

$8.89 m i l l i o n  through FY 1964. This  e s t ima te  was p red ica t ed  on t h e  

con t inua t ion  of t h e  CORPORi'J, c a p a b i i i t y  a t  a l e v e l  of 12  b a t t a l i o n s  



F i s c a l  Years 

1958 & P r i o r  

1959 

1960 . 

i3Gi 

1952 

19 63 

1964 

. . 
T A 3 U  2 

(* ADJLSTED PXOGRLY COSTS--xAl?CH 19GO (U) 
( i r i  m i l l i o z s  of d c l i z r s )  

'E (Inc l u d  i r i f i  +I<} 
- 

SOURCE: SERGEANT B r i e f i n g  t o  S e c r e t a r y  o f  t h e  A r m y  and Chief o f  S t a f f ,  14 Apr -50, w / i n c l s ,  
a t t a c h e d  20 L t r ,  OO/GOS-2156, CofOrd t o  CG,  A C X ,  23 A p r  60 ,  s u b j :  SGT 2rogram. 
SPCF, BX 14-215, SW. a 



through FY 1962, 8 through FY 1963, 5 through FY 1964, and complete 

phaseout e a r l y  i n  1965. The a d d i t i o n a l  requirement  of $5.5 m i l l i o n  

i n  OMA and $1.66 i n  PEMA funds would provide f o r  p r a c t i c e  warheads, 

r e p a i r  p a r t s ,  c o n t r a c t o r  t echn ic i ans ,  depot  r e b u i l d ,  and p l a n t  
6 1 . . 

layaway. , 

Phase I V  Engineering Tes t  Program 

(Q) Beginning w i t h  Phase I V  (Round 3O), t h e  RSLD program 

s h i f t e d  from t h e  breadboard model t o  t h e  e a r l y  preproduct ion model. 

For reasons  s t a t e d  above, 5 rounds were d e l e t e d  from t h e  f l i g h t  

t e s t  schedule,  l eav ing  14  rounds: 4 Block A, 5 Block B, and 5 

Block C. The primary o b j e c t i v e  of t h e  Phase I V  f i r i n g s  was t o  

e v a l u a t e  t h e  Spe r ry -bu i l t  EM missi.1.e~ t o  determine i f  t h e  system 

met accuracy,  r e l i a b i l i t y ,  and o t h e r  performance requirements .  

(@) The four  Block A f l i g h t  t e s t s  (Rounds 30 t h r u  33) were 

conducted on schedule dur ing  t h e  per iod  19-31 May 1360, bu t  w i t h  

profoundly d i sappo in t ing  r e s u l t s .  Three of t h e  four  rounds were 

r e l i a b i l i t y  f a i l u r e s  ( i .  e., a b o r t s  i n  range and/or  azimuth), w i t h  

r a d i a l  e r r o r s  of 17,912, 1,430, and 5,669 meters ,  r e s p e c t i v e l y .  

The o t h e r  round was only moderately succes s fu l ,  wi th  a r a d i a l  

e r r o r  of 462 meters .  
6 2 

(U) T h i r t y  days l a t e r ,  on 30 .Tune 1960, JPL was phased ou t  

of t h e  R&D program and t h e  Sperry Utah Company (forme y Sper ry  * 
Utah Engineering Laboratory)  assumed f u l l  r e s p o n s i b i l i t y  f o r  t h e  

weapon system a s  t h e  s o l e  c o n t r a c t o r .  The D i r e c t o r  of JPL had 

planned t o  r e t a i n  a f u l l - t i m e  s t a f f  of engineers  t o  a s s i s t  i n  

c l ean ing  up t h e  r ena in ing  dcs  ign d e l i c . i m c . i ~ s  ; however, Sperry 

convinced Lhe ARG1;IR Co~nnnder  t h a t  i t  was c a p ~ b l c  of running 

00/60S-2156, CofOrd t o  
SPCF, Bx 14-215, RIIA. 

6 2 ~ ~ ~ 0  F i n a l  Rept 

CofS, 14  Apr 60, w / i : ~ c l s ,  atchd t o  L t r ,  
CG, AOMC, 28 Apr 60, s u b j  : SGT Program. 



(u)  I n  a telephone coiwi-.rsatj.on w i t h  t h e  ACXC CoT7- I,~L.cmder, -.  on 

1 6  August- 1360, Genc~:aj. J-l?'.nrFchs cleciali:.d t h a t  t h e r e  was "abso- 

l u t - e l y  something wrong from t h e  s t a n d p o i n t  o f  r a n g e  e r r o r s , "  

add ing  t h a t  "JPL shouPc1 b e  iu t h e  act.." ' G e n e r a l  Schornburg 

explainec! t h a t  JPL had been c o n t a c t e d  b u t  w i t h  n e g a t i v e  r e s u l t s :  

". . . SUIX knows as much at; t ? ~ y  do and t h e y  c a n '  t make any 

c o n t r i b u t  ion." H e  a t t r i b u t e d  Ll!:is a t t i t u d e  t o  t h e  d e c i s i o n  agafin:; t: 

t h e  r e t e n t i o n  o f  a f u l l - t i m e  JPL e n g i n e e r i n g  s t a f f  a.nd t o  S p e r r y ' s  

c o n t e n t i o n  t h a t  it  was capab1.c o f  c a r r l ~ i n g  o u t  t h e  program w i t h o u t  

63 
Sce  above,  pp. 69-64> 84 -86 .  --- 

64(1) SUCO F i n a l  Rept  EJ-380-0312, B11i:j.l 1963, p.  3-2. RSIC. 
( 2 )  L t r ,  CG, AalC, t o  CoL'Orcl, 1 3  h u g  6 0 ,  subj: SGT Rept f o r  t h c  SA, 
w/ j_n.cl_ a t c h d  t o  SS ORjIAB-CJ:..6, k:I:%Z C O I I ? ~ ~ ,  16  Aug 60, s u b j  : saulc. 
I I i s t  Div  Fj- le .  (3 )  Di? C m t  #1., ACofS, r:&D, AOXC, t o  CG, AGtl'J, 19 
Aug 60,  s u b j :  F a c t s  on SGT N:;l. S y s .  Hist Div P i l e .  ( 4 )  SGT. Frog 
Kepts f o r  J u l  h hug 60. H i s t  Div F i l e .  
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JPL 's  he lp .  General  Hinr ichs  warned t h a t  t h e  poor t e s t  r e s u l t s  

would " h i t  t h e  f a n  a t  DA l e v e l "  and ''We w i l l  have t o  have some 

good answers.  ,165 

' @$ Convinced t h a t  some of t h e  problems stemmedfrom a l a c k  

of component r e l i a b i l i t y ,  e s p e c i a l l y  a t  environmental extremes, 

ABMA formed a t a s k  f o r c e  of R&D and I n d u s t r i a l  Operat ions person- 

n e l  t o  i n v e s t i g a t e  such ma t t e r s  and t o  keep an e x t r a o r d i n a r i l y  

c l o s e  watch on t h e  f i r i n g  program. On 9 September 1960, follow- 

ing a s e r i e s  of f a c t f i n d i n g  conferences a t  Sper ry ,  ABMA l i f t e d  

t h e  suspens ion  on t h e  f i r i n g  program. The Block B f i r i n g s  were 

resumed w i t h  t h e  f l i g h t  t e s t  of Round 34 on 1 5  September, followed 

by Round 37 on 21 September and Round 39 on 23 September. The 

extreme p recau t ions  and component checks made under t h e  Agency's 

"c lose  watch" procedure pa id  r i c h  d iv idends ,  a s  a l l  t h r e e  rounds 

impacted w e l l  w i t h i n  t h e  prescr ibed  300-meter c i r c l e ,  w i t h  r a d i a l  

e r r o r s  of 105, 157, and 202 meters ,  r e s p e c t i v e l y .  
66 

(U) With t h e  s u c c e s s f u l  conclus ion  of t h e  Block B f  i r h g s ,  

i t  appeared t h a t  t h e  f i v e  Block C m i s s i l e s  (beginning w i t h  Round 

40) could be  f i r e d  on schedule  i n  October 1960. However, t h e s e  

f i r i n g s  had t o  be postponed because SUCO was de l inquent  i n  t h e  

d e l i v e r y  of hardware. They began on 1 December 1960 and were 

completed on 26 January  1961, some 3 months behind schedule.  

Two of t h e  f i v e  sho t s  were complete.ly successfu l ,  one was 

65(1) Dai ly  J o u r n a l ,  MG August Schomburg, CG, AOMC, 16 Aug 60, 
r e :  T e l  C a l l  Concerning SGT f r  LTG J .  H. Hj.nrichs, CofOrd. Mist 
Div F i l e .  ( 2 )  A s  l a t e  a s  Play 1960, Dl-. Ptclcering had warned t h a t  
t h e r e  were sti.11- some c r i t i c a l  a r c a s  wherein SUEL was y e t  t o  b u i l d  
t h e  r equ i r ed  c a p a b i l i t y ,  a i d  f u r t h e r ,  t h a t  t h e  " p o s s i b i l i t y  oL JPL 
being a b l e  t o  ass is t  i n  t ~ h e  Szrgcxnt: t o  any s i g n i f i c a n t  degree 
a f t e r  30 June  1960 i s  ve ry  sii1al.1 sh:xdd JPL be r e c a l l e d  t o  do so." 
See quote from JPI, l e t t e r  and t e x t  r e l a t e d  t h e r e t o ,  pp. 62-63. - 

66(1)  SUCO F i n a l  Rept E2-380-0312, A p r i i  1963, p. 3-2. R S I C .  
(2)  L t r ,  C G ,  k@IS, t o  CofOrd, 12 0c.t 60, subj :  SGT Rept f o r  the  SA, 
w/j.ncl, atclid t o  SS Oi?.IXU. CX--9-60, Ai;l.iA Colndr, 1-0 Oct 60, sane s u b j  . 
H i s t  Lliv F i l e .  (3)  SGT P r ~ g  R e p t  foi- Sep 60. Fi1.e same. 



were t ' i . 7 0  Il01d.c; p receding  t h c  f i r i n g  (one caused l ~ y  a malfunctio~;i.i.ig 

swi.t:cl: i n  t h e  : i . r i n g  box, a1-!~1. t l ~  r?t:?121: by f a.iluf-e of t l x  b:;L?-ery 

reccrdcd  r3di;i l  e r r o r  of ~ n l  y 36 nctel::, . The t l l i r d  m i s s i l e  (Round 

322 i m t e x s  I .mg and It3 mi?i:ers 1cEt: of t h e  t a r g e t  f o r  a ra .dia1 

cr i -or  of 325 meters .  

(fi Eoth of t h e  last:  two Block C f i r i n g s  (Rounds 43 and 45) 

were r e l i a b i l i t y  f a i l u r e s ,  bre?-king t h c  s t r i n g  c,f s i x  consecut ive  

successes .  T h e i r  o b j e c t i v e s  j-ncluded n range of 1Li0 lcm and an 

h c r t  b i o l o g i c a l  warhcad a-ix-burst a t  25,000 f c c t .  Round 43 ,  

f i r c d  on 10 January 1961., expcr ienc td  a c i s c u i t r y  malfunct ion i n  

t h e  range coinputer, c;lusing i t  t o  i m p x t  5,593 meters  long and 83 

meters  l e f t  i n  aziuiut l~ f o r  a r a d i a l  e r r o r  of  5,594 metiers. To 

permit  t h e  t e s t  crew t o  c o r r e c t  the. conputer  c i r c u i t r y  problem 

and o t h e r  d i f f i c u l t i e s  that: had ap l~ea red  i n  equi.p,ce.nt t e s t s ,  tlie 

f i r i n g  of t h e  ] . ; ! s t  m i s s i l e  (Round 45) was delayed f r o n  12 t o  26 

January.  E u r i ~ ? ~  equipment ch.ecko~it  [-;sf s ,  t h e  crer.;r experienced 

d i f f j  c u l t i e s  wi th  t h e  gui.clnuce p l n  t f o r : ~ ~  c i r c u i i - r y ;  t h e  c o n t r o l  



I 
assembly aga in  f a i l e d  OMTS t e s t s ;  and t h e  mock f i r i n g  of t h e  * 
m i s s i l e  was marred by explos ion  of t h e  JPL b a t t e r y  %taus ing 

ex tens ive  damage t o  guidance cab l ing .  Inclement weather forced  

a c a n c e l l a t i o n  of t h e  t e s t  on 24 January, and almost  blocked t h e  

f i r i n g  on the  26th.  Desp i t e  a l l  of t h e  precaut ionary  measur6s 

and c o r r e c t i v e  a c t i o n s ,  t h e  t e s t  was a  r e l i a b i l i t y  f a i l u r e ,  t he  

m i s s i l e  impacting 237 meters  s h o r t  and 420 meters  l e f t  of t h e  

t a r g e t  f o r  a  r a d i a l  e r r o r  of 482 meters.  
6 7 

(Q) Trans i t  ion  from Phase I V  t o  Phase V (U) 

'b 
- (a3 By e a r l y  March 1961, s i g n i f i c a n t  progress  had been made 

toward so lv ing  t h e  o u t s  tanding  t echn ica l  and a d m i n i s t r a t i v e  

problems; however, a s  shown i n  t h e  accompanying c h a r t s ,  a  number 

of des ign  ref inements  and a d m i n i s t r a t i v e  improvements were y e t  

r equ i r ed .  Aside from two o l d  problems a s s o c i a t e d  wi th  t h e  m i s s i l e  

(acce lerometer  n u l l  o f f s e t  and e r r o r s  i n  t h e  miss p r e d i c t i o n s  by 

t h e  arming d e c i s i o n  dev ice ) ,  the  t e c h n i c a l  d i f f i c u l t i e s  were 

p r i m a r i l y  concerned wi th  t h e  t r a n s i t i o n  from Phase I V  t o  Phase V ,  

and engineer ing  changes were being f ed  i n t o  t h e  equipment without  

t o o  much t roub le .  

(U) A t  t h e  t i n e  of t h e  March 1961 program survey, t h e  Opera- 
\ 

t i o n a l  and Environmmtal  (&E) t e s t s  were about SO percent  com- 

p l e t e  and Sperry was i n  t h e  process  of modifying t h e  equipment t o  

t h e  Phase V con£ igura t ion.  The equipment had s u c c e s s f u l l y  

completed roadworthiness ,  s h i p  and a i r c r a f t  loading ,  and r a i l  

humping t e s t s  a t  Aberdeen Proving Ground; and h igh  a l t i t u d e ,  i c e ,  

- -- 
L.. 

"Asidc f r r , m  degrndins  m i s s i l  c r c  l i a b i l i t y ,  t he  b a t t e r y  explosion 
i n j e c t c d  a  p o t e n t i a l l y  s e r i o u s  pcrsonncl  s a f e t y  problem. For a 
case  b i s r o r y  of t h e  JPL  b a t t c l y  ar,d i t s  rep ldcen~eni  by a  S igna l  
Corps des ign ,  see above, pp. 140-42. 

67(1)  SUCO Fi-nal Rept EJ-360-03!?, A p r i l  1963, p. 3-2. PSTC. 
(2)  SGT P r n g  K c l ~ t s  f o r  Rov 60, I k c  G O ,  6 J a n  61. E j s t  Div F i l e .  
( 3 )  &l&g 3 ~ ~ 2  iU2:A his t  Sums, 1 J u l  - 31 Ecc 60, pp.  146-48; ar:d 
1 Jan  - 33 3un 61,  p p .  101-103. 
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s e v e r e  c u r t a i l m e n t  of  e s s e n t i a l  in-house e f f o r t  a t  ABMA. While 

awa i t i ng  a c t i o n  by h igher  headquar te rs ,  AOMC had t o  r e s o r t  t o  t h e  

f a m i l i a r  i n t e r i m  s o l u t i o n  of  "borrowing from P e t e r  t o  pay Paul." 

To 'head  o f f  a complete work s toppage i n  February,  t h e  Command 
, 

borrowed $900,000 from PERSHING and reprogrammed funds w i t h i n  t h e  

SERGEANT project-enough t o  c a r r y  t h e  program t o  mid-April 1961. 
69 

I n  March 1961, a f t e r  a number of  time-consuming paper e x e r c i s e s  

and impact r e p o r t s ,  OCO au tho r i zed  $5,570,000 i n  a d d i t i o n a l  

program a u t h o r i t y ,  l e av ing  a d e f i c i t  of $1,812,000. L a t e r  i n  

March, OCO advised  t h a t  an a d d i t i o n a l  $334,000 would be provided 

t o  complete t h e  secondary fuz ing  program, bu t  t h a t  t h e  remaining 

$1,478,000 had been disapproved.  This  set o f f  another  round of 

impact r e p o r t s  p o i n t i n g  o u t  t h e  de l ay  i n  updat ing t h e  system t o  

t h e  Phase V con£ i g u r a t i o n ,  i n  t h e  des ign  a n a l y s i s  necessary  t o  

e s t a b l i s h  and main ta in  component r e l . i a b i l i t y ,  and i n  t h e  ABNA 

in-house e f f o r t .  A s  a r e s u l t ,  AEMA r ece ived  $1,761,000 i n  

supplemental  funds,  l e av ing  a smal l  d e f i c i t  of $51,000 which d i d  
-1 0 
8 "  

n o t  adve r se ly  a f f e c t  t h e  program. 

(U) The RDTE funding c r i s i s  had no sooner bcen resol-ved than  

another  f i n a n c i a l  prohlcm appel red .  I n  t h i s  cnse,  SLICO, i n  May 

1961, r e p o r t e d  a c o s t  overrun of $14.5 mil Livn-$7.5 m i l l i o n  i n  

c o n t r a c t  OKD-1503 f o r  non-tacLjcz1 r e p a i r  p a r t s  and $7 m i l l i o n  i n  

c o n t r a c t  ORD-1444 f o r  t h e  FY 1.559 i u d u s t r i n l  buy, t h e  d e l i v e r y  of 

a d e t a i l e d  s tudy  of r ea sons  f o r  Ll~c sudden j.ncrea:;e, ABIL4 a l s t r i -  

buted t h e  r i s i n g  c o s t s  t o  enzil:c:?ri~:;; change:; 3nd increased  

material .  p r i c e s ;  bu t  i t  was ncv;.?- ?hl.c t o  secus-e s u f f i c i e n t  



t e s t s ,  t h e  1-year  de lay  i n  t h e  T:ngincz,--Sc:rvice test:;, and tl;c 

a u t h o r i t y  was programmed f o r  t h e  f i r s t :  procuren~enl: of  t a c t i c a l  

equipment f o r  t h e  Army, which included 50 n i s s i l . e s  ( l e s s  warhcacls), 

11 BI-65 p r a c t i c c  warheads, 5 battn.li.on s e t s  oi: ground equipmmt,  

14  s e t s  of Type  I V  t e s t  equipifient, 95 X.1-93. and 19 XH-116 adap- 

t i o n  k i t s ,  and 25 s e t s  of t e s t  and hni-dling equipment. P ro j ec t ed  

c o s t  e s t ima te s  a t  t h e  end of FY 1961 i.ndi.cated a requirement f o r  

$8.6 ln i l l i on  i n  add it ioncll  program authoi - i ty  t o  conp le t e  A r ~ y  

-.- - -- --- - 
71(1 )  DP, Chf, A O X  Con OTc, t o  CG,  I i( t . IC, it &. , 4 May 61, 

s u b j  : SGT Comd Program p r e s ~ ~  [on 26 Apr 611. ( 2 )  LLr, CC, AO'fC, 
t o  CofOrd, 17 May 6l., subj :  Increased  Cost-s on SCT Contrs  OR1)- 
1444 O 1503. (3)  DF, Chf, Plgt Engrg D i x r ,  ABYJ. Cali Wc,  t o  ( : I d ,  
Con Ofc, 5 J u n  G I . ,  suL.j: SUCO Pactorii,:: Syso  A1 1 i n  l l i s t  Div F i l  c .  

72(1)  TT CIUIicB-CP-11-6, cG, AOX, t o  CofOrd, 7 J u n  61. (2)  
H i s t  of AGXA, 1 J u l  - 11 Dec G I ,  pp. 95-96. HisL Div F i l e .  

7 3 0 ~ ~ ~  37631, 15  Dcc G O .  I:SlC. 



procurement. A t  t h e  same time, AEMA r e c e i v e d  o r d e r s  t o  p rocu re  

67 missiles, 7 b a t t a l i o n  sets of ground equipment, and 6 sets of 

Type IV t e s t  equipment f o r  t h e  M i l i t a r y  A s s i s t a n c e  Program (MAP); 

however, adequate  FY 1961 funds were n o t  provided f o r  t h e  whole 

o r d e r .  Program guidance f o r  t h e  MAP purchases  came t o  $36,557,000, 

i n  c o n t r a s t  t o  a requi rement  of  $55.4 m i l l i o n .  As a r e s u l t ,  

procurement of  hardware had t o  be made on a piecemeal b a s i s  w i t h i n  

a v a i l a b l e  d o l l a r s . 7 4  Char t  8 shows t h e  s t a t u s  of  program funds 

and procurement and d e l i v e r y  of hardware a s  of t h e  end of  FY 1961. 

@ Phase V Proof T e s t  Program (U) 

(U) The primary o b j e c t i v e  of t h e  f i n a l  Phase V EH f l i g h t  

tests  was t o  demonstrate  conformance of t h e  complete t a c t i c a l  

weapon system t o  t h e  M C ' s ,  w i t h  t h e  main focus  on v e r i f i c a t i o n  

of  system r e l i a b i l i t y .  (The l a t t e r ,  it w i l l  b e  r e c a l l e d ,  had 

been g iven  t o p  development p r i o r i t y  and t h e  c r i t e r i a  e s t a b l i s h e d  

f o r  it had been adjudged a s  f e a s i b l e  from t h e  v iewpoin ts  of 

technology, t ime, and ~ o s r . ~ ~ )  The rhase  V proof t e s t s  were t o  

have inc luded  a t o t a l  of 11 f i r i n g s ,  b u t  two rounds (52 and 57) 

were d e l e t e d  from t h e  f l i g h t  t e s t  program. Because of t h e  de l ay  

i n  complet ion of  t h e  Phase I V  f i r i n g s  and t h e  t ime r e q u i r e d  t o  

i n c o r p o r a t e  e s s e n t i a l  de s ign  changes,  t h e  Phase V t e s t s  had been 

rescheduled  t o  begin  on 7 March 1961 and be completed i n  June  

1961, p r e p a r a t o r y  t o  t h e  f i n a l  r e l e a s e  and completion of t h e  R&D 

pr0gra.m i n  J u l y .  Th i s  p l an  had been p red i ca t ed  on t h e  assumption 

t h a t  t h e  Phase V equipment would embody t h e  f i n a l  t a c t i c a l  de s ign  

and t h a t  no changes wou1.d be  made i n  t h e  system except  f o r  s a f e t y  

r ea sons .  EIoiv.cver, t h e  weapon sys tern f el.]. miserab ly  s h o r t  of 

meeting i t s  N C ' s  and 1~711olesale changes r e s u l t e d ,  s t r e t c h i n g  out  

-- 
74(1) Presn  f o r  t h e  CofOrd, a t chd  t o  L t r ,  C G ,  ~ ~ P I C ,  t o  CofOrd, 

14  Mar 61, s u b j :  Da.ta far Nonth1.y 1:lscussion of  SGT. ( 2 )  TT ORDAE- 
CP-56-12, AB?IA Corndr t o  CofOrd, 5 Jan 61. H i s t  Uiv F i l e .  

7 5 
Sce nl:ove, pp. 34-40, 70-71.. hl .so s e e  hpp. I S: 11. --- -- 
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t h e  proof t e s t  per iod  and completion of  t h e  R&D program t o  l a t e  

September 1961. 

The Abort of M i s s i l e  49 and Suspension of F i r i n g s  

, 
#) Technica l  d i f f i c u l t i e s  abounded from t h e  o u t s e t  of t h e  

Phase V t e s t s .  Pref  i r i n g  checkout of M i s s i l e s  49 and 50 began on 

3 March, w i t h  t h e  f i r s t  f l i g h t  t e s t  s e t  f o r  7 March. Equipment 

malfunct ions were encountered s o  f r equen t ly  t h a t  t h e r e  were 

i n s u f f i c i e n t  personnel  t o  r eco rd  them. Troubles  developed i n  

t h e  f i r i n g  s e t  and m i s s i l e  c o n t r o l  s e c t i o n ;  a hydrau l i c  l e a k  

i n  t h e  launcher  had t o  be  r e p a i r e d ;  t he  p la t form hood became 

extremely ho t  owing t o  i n c o r r e c t  wi r ing  of t h e  fuze  box; 

problems developed i n  t h e  guidance s e c t i o n  and computer, w i t h  

r epea t ed  f a i l u r e s  of OKCS t apes ;  an  a t tempt  t o  a c t i v a t e  t h e  

b a t t e r y  r e s u l t e d  i n  smoke and burned wi re s ;  and t h e  a f t  launcher  

jack  had a bad l eak .  A f t e r  some 28 unsuccessfu l  mock runs  on 

M i s s i l e  49, M i s s i l e  50 was e r e c t e d  f o r  f i r i n g  i n  i t s  p l ace  on 

7 March. An open des i ccan t  bag i n  t h e  ADD package caused t h e  

c a n c e l l a t i o n  of t h a t  f i r i n g  and deferment of t h e  f i r s t  f l i g h t  

t e s t  t o  10 March. 
7 6 

0)  M i s s i l e  49, f i r e d  on 10 Elarch, was a r e l i a b i l i t y  

f a i l u r e .  A n  extraneous p u l s c  a t  l i f t - o f f  caused t h e  e l e v a t i o n  

computer t o  s t o p  too  e a r l y  and t h e  range computer f a i l e d  t o  n u l l  

t h e  e r r o r  i n  t h e  f i n a l  f l i g h t  phase, r e s u l t i n g  i n  a m i s s i l e  

impact 1,730 meters s h o r t  and 87 meters r i g h t  of t h e  t a r g e t .  
7 7 

The f a c t  t h a t  t h i s  marked t h e  t h i r d  succes s ive  CE1 f a i l u r e  and 

t h a t  i t  was a t t r i b u t e d .  t o  a de f i c i ency  which had supposedly been 

co r rec t ed ,  procqted AEYA t o  scspcnd t h e  f i r i n ~ s  pending a f u l l -  

76(1)  TT 1268-61 (Soc 1 & I ) ,  C C ,  NSPiR, t o  ABMA Corndr, 
7 Mar 61. (2) TT ORDAB-CK-31-3, ARWI Corndr t o  CofOrd, 10 Mar 
61. Both i n  H i s t  Div F i l e .  

77(1)  IT 1353-61, C G ,  :!S-sR, Lr, A!3.hLAi C c o i . a r ,  11 Einr 64. ( 2 )  
TT 1471-61, same t o  sxnc, 16 Mar 61 .  Goth i n  I l j s i  Div F i l e .  



9) To ovc.-come t h e  e x i s t t u g  pm'i.,Xe:n a r e a s ,  ABbW, on 19 

A p r i l  1961, i n i t  ir;t.ctl a program linown n s  Fro j e c t  FAF'i:?UX (Record., - 
A P . : ~ . ~ ~ z c ~  cc.edb3clr, '.llr.ns i c n t ,  b:o:;.sc, ~;,~;iror,!r,cn-taI , SC.LT~Y~)  ::hl.c 11 - -- - 
provided f o r  expaiidcd SUCO e f f o r k : .  i n  t h e  a r e a s  of (1) system 

a n a l y s i s ,  wi th  cinplizs i s  on no i se  and trms i e n t  s ; (2) p a r t s  qua1.i- 

f  i c a t  ion and component r ep l acc~aen t  ; (3)  qua1 i t y  assurance ,  t o  

i nc lude  more e f f e c t i v e  processi l lg  of r?ialfunct ion d a t a ;  and (4) 

redesfgn ,  t o  subnsscmbly l e v e l .  Since, t h e  p r o j e c t  was expectcd 

t o  r e q u i r e  about  90 days and t h e  warhead agenc ies  nceded fou r  

more f i r i n g s  w i t h i n  FY 1961-, h31.lA d i r e c t e d  SUCO go proceed w i t h  

t h e  f i r i n g  of Rounds 50, 51, 53, and 54, then s l~spcnd  f u r t h e r  

t e s t s  u n t i l  conp le t  ion of c o r r e c t  ive a c t i o n s  under P r o j e c t  

RAP'L"i.!bR. 
7 8 

6 A f t e r  apply ing  q u i c k - r i s e s  t o  cornpensatc f o r  e r r o r s  i n  

7 8 
(1) Rept ,  SGT M s l  Sys  P r o j  R A F T E R ,  11 Aug 61, p. 1, a t chd  

t o  Ltr3 D i r  of Px-ojs, RDO, ACE'I, t o  CofOrd, 23 Ang 61, sub j :  Xm-i.tl. 
of Rcpt SGT M s l  Sys P r o j  RAFTK!:R. :;KT:, Bx 13-825, RIIA. (2) f&~1A/ 
ACPX SGT Status P ~ c s n  t o  DA, 6 J u l  61. RSIC. 



t h e  previous  t h r e e  rounds, SUCO f i r e d  t h e  four  au tho r i zed  m i s s i l e s  

i n  May 1961. Desp i t e  cont inuing  t e c h n i c a l  d i f f i c u l t  ' e s  dur ing  

checkout and countdown, t h e  f i r s t  t h r e e  rounds (50, ! 4, and 53) 

achieved t h e i r  t e s t  o b j e c t i v e s  w i t h  r a d i a l  e r r o r s  of 216, 181, 

and 173 meters,  r e s p e c t i v e l y .  However, Round 51 impacted 108,116 

meters  s h o r t  and 1,005 meters  l e f t  of t h e  t a r g e t ,  f o r  a r a d i a l  

e r r o r  of  108,121 meters .  The l a r g e  range e r r o r  was a t t r i b u t e d  t o  

a f a u l t y  exp los ive  swi t ch  which t r i g g e r e d  a premature a i r b u r s t  of 

t h e  chemical warhead about  5 seconds a f t e r  launch. A malfunct ion 

i n  t h e  guidance p l a t fo rm caused most of t h e  azimuth e r r o r .  
7 9 

Execution of P r o j e c t  RAFTNER 

(4 I n  l a t e  May 1961, upon completion of t h e  fou r  warhead 

f i r i n g s ,  t h e  Phase V F&D equipment was r e tu rned  t o  SUCO f o r  use  

i n  t h e  system a n a l y s i s  and updat ing wi th  necessary  des ign  changes 

t o  improve r e l i a b i l i t y .  A t  t h e  same time, ABMA learn%d t h a t  

DCSLOG was cons ide r ing  t h e  d e l e t i o n  of t h e  ADD package from t h e  

miss i i e  because of monetary reasons .  The Agency considered t h i s  

dev ice  a t e c h n i c a l  requirement  t o  meet t h e  l C ' s  and made i t s  

p o s i t i o n  known t o  OCO. Also i n  May, t h e  05rE t e s t s  a t  Eg l in  A i r  

Force  Base were cance l l ed  and t h e  equipment was d i v e r t e d  t o  ABMA 

f o r  use  i n  road and v i b r a t i o n  t e s t s  and i n  t h e  des ign  a.nd develop- 

ment of supplementary items t o  overcsrie o p e r a t i o n a l  l i m i t a t i o n s  

a t  h igh  and low temperature extremes. 
8 0 

(U) Most of  t h e  necessary  chaiigcs i n  ground suppor t  equipment 

had been e s t a b l i s h e d  by t h e  30 June  1961 f r e e z e  d a t e  f o r  Block I V  

i n d u s t r i a l  equipment; however, t h e  l a t e  s t a r t  i n  development of 

- -- *r 
79(1)  -- I b i d  (2)  SUCO Final. Rept IU-360-0312, A p r i l  1963, 

~ P O  2-5 - 2-6, 3-2. RSLC. 

80(1) SGT Prog Rept for May 01, pp. 3-4. H i s t  Div F i l e .  
(2)  Rept,  SGT R 6 D  S t a t u s ,  I8 lIay 61, a ichd  t o  DF C m t  #2,  SGT/CL'L 
Wpn Sys Mgr, TQO, AZLI ,  t o  AXXA Con OTc, 18 liay 61, subj :  Rcq 
f o r  In fo .  SPCI?, Ex 13-87.5, RHA= 



so iw  cniupol~cnI:s del:!y::d tile 1:innl d(1:: ip.1:1 rel.c:ase t o  30  Sep:.c!.!!)cr 

1.961; r i ~ d  :I?-. i n i . t i ; l ?  b a t t r ; l i o n  sc::-:, i!:<d t:o bc d c l i . v e r c d  wil - i~out  

soi12P rl13 j <,,* i t : e ~ : : s  . A c a s e  i.11 po i .n t  :; t:hc del-er!ni.,~a.tio~~.t . I  i n  ? ~ h y  

1 3 6 1  t h a  t n i r cuilclit  i .~ii%:i: :  c:clu ipii1c~llL \-?.r: :! m:?nd:~t.ory r e q u  j r~ : :w i I t  

f o r  rc1inl : lc:  o~,,cx:at.j on. of trllc 1-1~at:-:-;r:11:; i t - j - , ~ ~ : ~  heat-general i r i f ~  t, 

8 l 
c!cctron.i.c ;;(:n.r i n  ::he GI!TS; FliTiiS, and P:i..~::i.i~g s c ; .  By thc: c:id 

oL J u i l c ,  a;-~:ai~gc.:r:cnts 1~r:cl 1.iecl.n !n-lde t o  ?ml-;-cx.r a;.,; corlcii . t io~lci-s 

f ro;n the Cnrj :s o f  Eng i1:::c::c:; Tor: L!,SC i n  tile. r e m  in irig R&1) f i ' i :  ir!;:s, 

- _ I _ - .  
"(I) D l  S G T / C ~ L  i ipn Sgs  l i l r ,  1313, t o  Sys  Des ign  & Dev Lab,  

1 2  liay 61 ,  s u b j :  Rqrmt t o  Des ign  A i r  Conc!g f o r  S(:l Equ ip .  SPCF, 
B x  13-825,  lWA. ( 2 )  T o r  r e a s o R s  enumera t ed  e a r l i e r ,  a i r  condi.- 
t i o n i n g  cqu j p z ~ n t  had b e e n  e l i m i n ~ t  cd i 'ro~n t h e  EN o v e r  o b j e c t  i 011s 
of t h e  AC:L E n g i n e e r  O f f i c e .  -- S e e  above ,  pp. 156-57.  - A l s o  -- sce 
pp. 119 ( f n  35) ,  128 .  

82 (1 )  DF, SCT/CFL Upn Sys Xgr ,  RDO, t o  ORMB-IPS, 21 J u n  61 ,  
s u b j :  A i r  C o ~ l d ~  Rqrmts For  SGT. ( 2 )  I%', same t o  Sys  Des ign  & Dev 
Lab, 7 Jill 61 ,  s u b j :  SGT Sys A i r  C o ~ d g  !:quip. (3)  DF C m t  #2: 
sGT~CJ'L IJpu Sys  Mgr, RDO, t o  X P X  Engr  Ofc ,  7 Sep  61 ,  s u b j :  L t w t  
l l i n i n t u r  ii:cil, 60 ,000 E ' J ' T ~ / I I ~  Air Col Jr - SGT. A l l  i n  SPCF, Bx 13-  
825, R I U .  

S 3 ( l )  L t r ,  DCC/BM, A O X ,  To Cutni-d,  9 May 62 ,  s u h j :  T h r  
Month ly  L! r Prog Rept for SGT for A p r  62 .  K i s t  Div File. (2 )  
A1 s o  :-cc ])xu on A i r  Condr T e d 1  Rq1.1~ r s G D l v r y  Scds  i n  SPCP, - - --.- . . 
BX 13-825,  Kl!,I. 



Neidhar t  rubber  system on a l l  s e m i t r a i l e r s  and launching s t a t i o n s .  

Both OCO and AOMC chal lenged  t h e  des ign  change on t h e  grounds t h a t  

it would i n t e r f e r e  w i t h  t a c t i c a l  d e l i v e r i e s  and t h a t  it v i o l a t e d  

c e r t a i n  r e s t r i c t i o n s  p rev ious ly  imposed by an OCO d i r e c t i v e .  

With r e s p e c t  t o  t h e  l a t t e r ,  t h e  ABMA Commander expla ined  t h a t  t h e  

f i l e  was appa ren t ly  misplaced du r ing  t h e  t r a n s f e r  of r e s p o n s i b i l i t y  

from ARGIIA and t h e  r e s t r i c t i o n s  imposed t h e r e i n  were t empora r i l y  

f o r g o t t e n .  A s  t o  t h e  o t h e r  ques t i on ,  he argued t h a t  t h e  d e c i s i o n  

was based on sound t e s t  information and t h a t  it had t o  be  made 

b e f o r e  t h e  end of  June i n  o r d e r  t o  e f f e c t  t h e  s u b s t i t u t e  i n  FY 

1961 and subsequent  procurements.  Under t h e  e x i s t i n g  plan,  a l l  

t a c t i c a l  (Block IV) equipment would be  d e l i v e r e d  from t h e  f a c t o r y  

w i t h  t h e  t o r s i o n  b a r  system, w i t h  t h e  except ion  of s i x  launching 

s t a t i o n s  and fou r  FKCS's which were t o  be  r e t r o f i t t e d  i n  t h e  f i e l d .  

I n  a d d i t i o n ,  66 t r a . i l e r s  and launchers  scheduled f o r  t r a i n i n g  use  

would be  equipped w i t h  t h e  Neidhar t  system w i t h  no p l ans  f o r  

r e t r o f i t  s i n c e  they  would n o t  be sub jec t ed  t o  extremely low 

tempera tures .  8 4 

(U) M r .  Edmond D. Messer, t h e  SERGFM manager i n  PAD Opera- 

t i o n s ,  non-concurred i n  t h e  suspension system des ign  change, 

a rgu ing  t h a t  t h e  a v a i l a b l e  information was n o t  s u f f i c i e n t  t o  con- 

f i r m  t h e  s u p e r i o r i t y  of t h e  t o r s i o n  b a r  system nor  t o  prove t h a t  

t h e  Neidhar t  system would prevent  t h e  SERGWU from meeting i t s  

M C ' s .  He a l s o  d i s ag reed  w i t h  t h e  c o s t  a n a l y s i s  on t h e  t o r s i o n  b a r  

systemo I n s t e a d  of an implied immediate sav ing  of $519.20 pe r  

launcher ,  h e  contended t h a t  t h e  c o s t  of s p a r e  r e l o c a t i o n ,  f ende r  

mod i f i ca t i on ,  t o o l i n g ,  and o t h e r  a s s o c i a t e d  i tems would a c t u a l l y  

r e s u l t  i n  a n e t  i n c r e a s e  of $120.51 pe r  t r a i l e r .  85 Because of 

84(1) SGT Prog R q ~ t  f o r  Map 61, p.  3 .  Hist Div F i l e .  (2) L t r ,  
CG, AONC, t o  N3YA Coxdr, 9  Aug 61, s u b j  : SGT Trans;  & 1st Ind,  AB?M 
Comdr t o  CC-, AOFIC, 30 1'.17;7 61. SPC!", Bx 13-825, KHA. (3)  .- Also - see 
above, pp. 85  ( f n  4 8 ) ,  118-26, 11i8-50, 172, 175. 

P 5 D ~  t o  N r .  L e ~ i i s ,  R!!O, 2% hug 61, sub j :  SGT Trans .  SPCF, Ex 
13-825, RHA. 
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(I!) By e ~ r L y  A q t ~ s t  1.961, SLCO bad coap le t cd  thc system 

a n a l y s i s  under P r o j e c t  rv'iFTI\T1:[: n ~ l d  t:2s in t h e  process  of qualifj:, 

c a t  i o n  t c s  t i n g  and updn t ing t hc PEasc V equipment. The ma jo r i t y  

of t h c  r i - .S%al~i l : i . ty  problems c:l-:coi.l:.~:~e:rcd ovcr  t h e  p a s t  yea r  w e r e  

con.? i d ~ r e c l  t o  be  I-c.::ol.vcd. '.C'?:2 :Ecw remaining were e i t h e r  bci.ng 

c o r r e c t e d  i n  tlle TCr!FTNER prny:arn cjr w e r e  expected t o  be correc. ted 

under a proposed fixcd pri.ce colitra.ct .  T h e  t xo  r e l i . a b i . l i t y  

problcms y c t  t o  be de.f i n i t c l y  iso1n.i-cd and c o r r e c t e d  concerned 

------ -.- 
8 6 

L t r ,  DCC/B;\I, AGliX, t o  C c T O r t i ,  9 May 62, s u b j  : T l ~ e  Ilont11l.y 
Lt7: Prog Rept o r  CS'JI f o r  Ap,: 62 .  Flj.st Di-,i F i l e .  



I 

t h e  accelerometer n u l l  o f f s e t  and r o l l  s t a b i l i t y . 1 8  Under t h e  

watchful  eye of t h e  ABMA t a s k  force ,  SUCO had made s i g n i f i c a n t  

improvements i n  i t s  management approach and, toward t h e  end of 

P ro jec t  RAFTNER, had begun t o  acknowledge t h e  exis tence  of 

c r i t i c a l  system d e f i c i e n c i e s  which it had attempted t o  h ide  i n  

verbose comments and explanations.  S t i l l ,  t he re  was no move on 

t h e  p a r t  of SUCO t o  a v a i l  i t s e l f  of JPL'S a s s i s t ance .  I n  view of 

t h e  r e l i a b i l i t y  problems y e t  unsolved and t h e  f a i l u r e  of the  

weapon system t o  meet o the r  M C ' s ,  such a s  checkout and r e p a i r  

time and standby readiness ,  the  ABMA Commander considered bring- 

ing JPL back i n t o  the  program. However, R&D personnel f e l t  t h a t  

JPL would be of l i t t l e  a s s i s t a n c e  owing t o  t h e  type of problems 

being encountered and the  f a c t  t h a t  it had been d i sassoc ia ted  

from the  program f o r  over a year .  89 

SERGEANT A t  The Crossroads 

(03 Although four  Phase V rounds remained t o  be f i r e d ,  it 

was evident  from t h e  r e s u l t s  of the  syscem ana iys i s  t h a t  t h e  

program was i n  deep t rouble .  I n  a p resen ta t ion  t o  members of 

the  DA S t a f f  and CONARC on 6 J u l y  1361, the  ABMA Commander 

advised t h a t  the  weapon system t h a t  would be a v a i l a b l e  t o  meet 

t h e  June 1962 Ordnance Support Readiness Date (OSRD) would f a l l  

s h o r t  of t h e  requi red  M C ' s  i n  the  a reas  of checlcout and r e p a i r  

time, r e l i a b i l i t y ,  standby readiness ,  and low-te~riperature 

s to rage  l i m i t s  ( s ee  Table 3 ) .  The a i r  condit ioning and wintreri- 

za t ion  k i t s  then under development wcre expected t o  so lve  most 

of the  temperature problems; ho>~ever, an 18-month extension of 

the  OSRD ( t o  December 1963) and a major K&D redesign e f f o r t  

cos t ing  about $26.1 iii i l l iou would L:? requi red  t o  meet a l l  of 

the  s t a t e d  IIC's. To provide an i11te::im c a p a b i l i t y ,  AUMA 

8 8 ~ ~ ~  Frog Rept f o r  N O ,  3 nu:: 61. SPCI., Rx 1:3--825, RW. 
8 9 

DFy D i r  of P ro j s ,  RDC), t o  :W14 Comdr, 30 Aug GI., subj:  
C m t s  on SUCO Ltrr of 1 7  Aug G I .  Sl'CI', I3x 13-S25, RILZ. 



I s t o r a g e .  

2.  PRE-FX3.E: 5% may f a i l  t o  iaurch  --- 
a t  designated t i m e  f o r  a 72-hour 
p e r i o d  . 

I I! t e s t  a t t e n p t  w i t h o u ?  fz.Llure of e i t h e r  rilssile or I 
c:.zi'S . 1 

i! 
. - 75% w i l l  launci l  w i t ~ : i n  20 zin5te.: zf 

I 
----.----- , . I 

I! aes r q n a t c d  .tine daring 72-!:our s t a n d b y .  1 
ii 
it i 



of fe red  four a l t e r n a t i v e s :  

a. The SERGEANT with  modified MC's, re leased a t  a minimum 
economic production r a t e  t o  r ep lace  CORPORAL. Cost: $28,830,000. 

' b. The SERGEANT with modified MC's, re leased a t  the  c u r r e n t l y  
planned production r a t e  t o  r ep lace  CORPORAL. Cost: $31,450,000. 

c .  No deployment of t h e  SERGEANT with modified MC's, complete 
r e l i a n c e  being placed on CORPORAL during the  in ter im period.  Cost: 
$60,737,000. 

d .  No deployment of the  SERGEANT with  modified M C ' s ,  t h e  SSM 
vers ion  of t h e  N I K E  XERCULES being used a s  an in ter im replacement 
f o r  t h e  CORPORAL. Cost: $70,350,000. 

ABMA recommended adoption of t h e  f i r s t  so lu t ion  because it more 

nea r ly  met the  M C ' s ,  t h e  system could be updated, and it could be 

provided a t  a lower c o s t .  The est imated c o s t  f o r  the  modified 

SERGEANT a t  a reduced production r a t e  included extension of t h e  

CORPORAL f o r  6 months ($1,630,000); r e t r o f i t  of 22 s e t s  of 

SERGEANT equipment ($l3,ZOO,OOO) ; and i n d u s t r i a l  p r i c e  increase  

r e s u l t i n g  from rcduccd production r a t e  ($14 mi l l ion) .  
90 

6, The DA decis ion  handed down t o  the  Chief of Ordnance, 

thence t o  AOMC, i n  e a r l y  August 1361 was t h a t  t h e  June 1962 OSRD 

f o r  U. S. and MAP deployments would be met, and t h a t  the  system's 

a b i l i t y  t o  meet i t s  MC's would be i.mproved t o  the  ex ten t  poss ib le  

without  major redes ign and i n  the  time remaining. It was t h e  

genera l  consensus among the  DA S t a f f  and CONARC t h a t  the  cxpected 

c a p a b i l i t i e s  of t h e  e x i s t i n g  SEKGUNT system would provide a 

usable t a c t i c a l  system super ior  t o  any a v a i l a b l e  weapon and would 

subsequently approach the  c r i t e r i a  included in  t h e  MC's through 

normal product improvements. For example, they f e l t  t h a t  the  

75 percent  i n - f l i g h t  r e l i a b i l i t y  auti.cipa.ted a s  of June 1362 

would increase  t o  a t  l e a s t  80 percent  a s  the  r e s u l t  of normal 

i n d u s t r i a l  e f f o r t ,  and t h a t  a d d i t i o n a l  impr.,vement would resul  t 

9 0 A ' ' ~ l l / h ~ N ~  SGT S t a t u s  P ~ c s n  t o  DA, 6 Jul 61. KS1.C. 
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r edes igns .  

, L o n  s i n c  e some b e l a t e d  decision c ~ e a t c d  nmre WC)::~C ;ii~d ~~: ' l j j l i . f~ ' - ' - '  

r edcs ign  of  Block 1.V i.udu.sti-ial e q u i p m a t  would be necessary  t o  

compensate f o r  t h e  c h m g e .  9 2 

bdj A s  a r e s u l t  n f  t h e  J u l y  1961 progrein review and subse -  

cju.ent DA S t a f f  dec-isi.ons, OCK??, on 13 Septcaber  1961, approved 

t h e  r e v i s e d  stn.Lcment. of  SERGIXIT.~ P ; C 1 s .  M i l i t a r y  rcquirernents 

i n  t h e  a r c a s  of checkout t e s t ,  sLan3by readiness, and t e q e r n t u r c  

were lowcrccl t o  t h e  c a p a b i l i t y  l e v e l s  a n t i c i p a t e d  on t h e  OSRD ( see  

-- --.-- - --..- 
"(1) DP C n l t  i l l ,  L O G / G ~  20816, DCSL(Y: t o  CofOrd, 5 Aug 61, 

sub j :  SGT Program. Quoted i n  'L'17, CofOrd t o  CG, AaK, 8 Aug 61. 
(2 )  Mcno Vor: CofS, USA, fr CRD, UA, 1.1. Aug 61., sub j :  SGT M s l  
Program. Both i n  Hist Div F i l e .  



Table  3)  ; however, w i t h  t h e  except ion  of an  i n c r e a s e  i n  t h e  

a l lowab le  dud r a t e  from 1 t o  2 percent ,  t h e  system r e l i a b i l i t y  

requirements  remained unchanged. 9 3 'St 

*% 
Conclusion of Phase V F i r i n g s  , 

(U) On t h e  20th,  26th,  and 28th of September 1961, t h e  eyes 

of t h e  Pentagon were focused on t h e  White Sands M i s s i l e  Range and 

t h e  l a s t  f o u r  SERGJXTT E D  f l i g h t  t e s t s .  Through te leconferences  

s e t  up w i t h  WSMR, a t  t h e  d i r e c t i o n  of OCRD, o f f i c i a l s  i n  DOD, DAY 

OCO, and AOMC rece ived  a s tep-by-step d e s c r i p t i o n  of each of t h e  

f i r i n g s ,  beginning 30 minutes be fo re  l i f t - o f f  and cont inuing  

through a quick-look e v a l u a t i o n  of t h e  r e s u l t s  and t h e  suspected 

causes  of f a i l u r e s .  These f i n a l  R&D f i r i n g s  were conducted under 

s imula ted  t a c t i c a l  cond i t i ons  w i t h  a wide range of t e s t  o b j e c t i v e s  

t o  provide a s  much information a s  p o s s i b l e  on system performance 

c a p a b i l i t i e s .  The f i r s t  two m i s s i l e s  (55 and 56) c a r r i e d  simu- 

l a t e d  nuc lea r  warheads, whi le  M i s s i l e s  58 and 59 c a r r i e d  a 

s imula ted  chemical and b i o l o g i c a ~  warhead, r e s p e c t i v e l y .  
94 

(a M i s s i l e  55. The primary o b j e c t i v e s  of M i s s i l e  55 were t o  

demonstrate  accuracy and r e l i a b i l i t y ,  and t o  t e s t  t h e  c a p a b i l i t y  

of t h e  system t o  main ta in  a standby cond i t i on  and complete a f i r -  

ing mission on 7.5 minutes '  n o t i c e  a f t e r  a 4-hour hb&d. Countdown 

was t o  begin a t  1000 hours ,  proceed t o  X minus 3 minutes and hold 

f o r  4 hours,  r e s e t  a t  X minus 7.5 minutes,  then  proceed through 

countdown t o  l i f t - o f f  a t  1430 b o m s  on 20 ~ e ~ t e m b e r . ' ~  During 

t h e  p r e f i r i n g  i n s p e c t i o n  and checkout of t h e  m i s s i l e  and ground 

- 
931s t  Ind,  c:w/IT 31332, C?\D t o  CoiOi-d, 1.3 Sep 51, on t t r ,  

ATDEV-1 400.114, CG,  CONARC, t o  CZPJ), 8 hug  61, subj :  Rec~nd Chs 
t o  SGT 'C.IC1s. Ci ted  in OTCM 37917, 14 Dec 61, subj :  GM Sys, Arty 
(SGT) - St£  Apprd Rev of 'C.lCts. KSIC. (See -- App. 11.) 

94(1) D.4 Msg 902578, CoiOrd t o  CG,  A O X ,  1 5  Scp 61. I l i sL  
Div F i l e .  (2)  H i s t  of AXMA, 1 J u l  - 11. Dec 61, p. 82. 



(& The f a i l u r e  of t h e  system t o  meet even t h e  ntodif i c d  

s tandby r e a d i n e s s  c r i t e r i a  must have coige as somew11a.t of a  shock 

t o  t h e  p a r t y l i n e  spec t a l -o r r - -pc~r t i cu l a r ly  t o  those  s e s p o n s i b l c  

f o r  t h c  r e c e n t  d e c i s i o n  t o  fi.cl.cl t h e  sysi.cm witl!out m a j o r  redcsi.gn. 
'aa And they no doubt shook t h e i r  heads and b l inked  t h c l r  eyes f o r  a 

second look  a s  t h e i r  tc?lctype machines cli.cl.:ed o f f  tlie d e t a i l s  of 

t h e  incrcd.ib1.y poor t c s t  resuJ.ts:  M i s s i l e  55 i.n~pactcd 13,220 

l n c t t e r s  long; axid about  350 metcrs l e f t  of i t s  intended t a r g e t .  

Cause of t h e  range abor t :  A lo:;:; of potrer caused t h c  dragbrakes 

t o  c l o s e  prematurely on t h c  scli:n,:ci opening and. f a i l  t o  m.2.ke a 



t h i r d  opening. A post- launch in spec t ion  of ground equipment r e -  

vea led  some damage from t h e  rocke t  b l a s t ;  e.g. ,  b l i s t e r i n g  of 

p a i n t  on launching s t a t i o n ;  f i b e r g l a s s  p r o t e c t i v e  wrapping on 

e l e c t r i c a l  c a b l e s  s l i g h t l y  loosened; b l a s t  gages mounted on 

b l a s t  s h i e l d  des t royed;  and smal l  hydrau l i c  f l u i d  l e a k s  i n  t h e  

launching s t a t i o n .  
9 6 

(A M i s s i l e  56. Though plagued by many of t h e  same component 

f a i l u r e s  and shortcomings a s  noted i n  M i s s i l e  55, t h e  second f i r -  

ing i n  t h e  s e r i e s ,  on 26 September, met a l l  t e s t  o b j e c t i v e s  in-  

c lud ing  two new ones. For t h e  f i r s t  t ime, t h e  SERGEANT was f i r e d  

from an e l e v a t i o n  g r e a t e r  than t h e  impact p o i n t ;  v i z . ,  from North 

Oscura Peak a t  an e l e v a t i o n  of 7,777 f e e t ,  southward t o  an  impact 

p o i n t  a t  4,065 f e e t  e l e v a t i o n .  I n  another  f i . r s t ,  t h e  e n t i r e  

system was road-marched 120 mi les  from WSMR t o  t h e  f i r i n g  s i t e ,  

i n  a demonstrat ion of i t s  a b i l i t y  t o  accomplish a f i r i n g  mission 

w i t h i n  2 hours a f t e r  road march under t a c t i c a l  cond i t i ons .  M i s s i l e  

56 and t h e  ground equipment reached t h e  f i r i n g  s i t e  wi thout  major 

damage, and t h e  f i r i n g  p r e p a r a t i o n  proceeded. A hold was c a i i e d  

f o r  c o r r e c t i o n  of a human e r r o r ,  bu t  t h e  countdor%m then  resumed 

and launching was accomplished wi thout  f u r t h e r  i n c i d e n t .  Success 

was r e a l i z e d ,  a s  t h e  m i s s i l e  impacted about  350 meters  s h o r t  and 

90 meters l e f t  of t h e  t a r g e t .  A post- launch survey aga in  revea led  

damage from t h e  rocke t  b l a s t ,  such a s  hydrau l i c  f l u i d  l eaks  i n  a 
a 

number of launcher  components and two &inch cracks  f n  t h e  b l a s t  

s h i e l d ;  however, t h i s  damage was not  s n f f i c i e n t  t o  a f f e c t  o r  de lay  

t h e  l a s t  two scheduled f i r i n g s  two days l a t e r .  
9 7 

(QI) M i s s i l e s  58 and 59-the 8 t h  and 9 t h  j.n t h e  Phase V EM - -- ---------- 
s e r i e s  and t h e  l a s t  t o  be f i r e d  i n  t h e  SERGEANT F&D t e s t  prograrn- 

wcre both  s u c c e s s f u l l y  i l i g h t  t e s t e d  i n  a c y c l i c  r a t e  demonstrat ion 

-- 
9 6 ~ ~  5592-61, CG,  WSI.CI, t o  i W l A  Coiidr, 26 Sop 61  ( 4  socc ions /  

17 p p ) .  l l i s t  D i v F i l e .  

9 7 ~ i s t  of , 1 J u l  -. 1.1 D e i  61 ,  p p  86-68. 



(6 A1 l t o l d ,  48 m i s s i l e s  wrrc cap -aded  i n  t h e  R 6 D  f l i g h t  

t e s t  program d u r i n g  tl:e 1955-61 p e r i o d  (8 f c s s i b i 1 l t . y  rcunds  Cn 

Phase  I; 17 XN rounds i n  Phases  31  ald 111; and  23 EM r o w d s  i n  

Phases  I V  and V) . Of t h c  48 f i l : ings ,  29 i n c l u d e d  c x p e r i m e t ~ t s  

w i t h  t h e  i n e r t  p r imzry  warhead and a d a p t i o n  k i t ;  4 G i t h  t h c  

chemica l  w r h c n d ;  5 w i t h  t h e  b i o l o g i c a l  v a r h e a d ;  and 1 w i t h  t h e  

p r a c t i c e  uarhend.  These f i r  jrlg: coxpl c-Led t h e  psogran-ri~!~?d warhead 

exper iments  on RhD n i i s s i l e s ,  l e a v i n g  a t o t a l .  of  37 t o  be p e r f o r r e d  

i n  t h e  upcoming Engineer- User f l  ip,l?t t e s l i s .  9  9  

(4 )  ThaL t h e  SERGLAN'T wcapo:l sys tem had f a i l e d  t o  m e t  i t s  

9  8 ---- Ibid., pp. 88-90. --- 
"I)!., SGT Wpn S y s  Ilgr, RDO, t o  ,OIP.?LI Con OCc, 1 6  Nov 61-, s u l r j  : 

SGT Wpn Sy:; P l a n .  SPCP, Rx 135;8'/5, Ki-14. 



r equ i r ed  95 pe rcen t  i n - f l i g h t  r e l i a b i l i t y  can 'be seen from an 

a n a l y s i s  of t h e  Phase IV and V f l i g h t  t e s t  d a t a  shown i n  Table  4. 

Of t h e  23 EM rounds f i r e d ,  10 o r  about  42 percent  were r e l i a b i l i t y  

f a i l u r e s ,  w i t h  r a d i a l  e r r o r s  ranging from 482 t o  108,121 meters .  

T h i r t e e n  o r  about  58 pe rcen t  of t h e  23 rounds were considered 

succes s fu l ,  10 of them achiev ing  r e l a t i v e l y  small  r a d i a l  e r r o r s  

and t h e  o t h e r  t h r e e  impacting j u s t  o u t s i d e  t h e  p re sc r ibed  300- 
*h 

meter  r a d i u s .  Char t  9 shows t h e  approximate impact Yo in t s  f o r  

t h e  13 s u c c e s s f u l  rounds. 

Cutback in  Product ion and Deployment P lans  (U) 

(4 Having a l r e a d y  approved t h e  con t inua t ion  of t h e  LP 

c l a s s i f i c a t i o n  u n t i l  23 November 1 9 6 2 , ' ~ ~  t h e  DA, on 8  June  1961, 

concurred i n  t h e  FY 1962 procurement program, which included 136 

XM-15 m i s s i l e s  (wi thout  warheads),  6 b a t t a l i o n  s e t s  of ground 

equipment, 5  s e t s  of Type I V  t e s t  equipment, and 25 Xii-65 prac-  

t i c e  warheads, a long w i t h  a  q u a n t i t y  of primary warhead s e c t i o n s ,  

adap t ion  k l t s ,  and t e s t  and handi ing eqwpment. 101. W i t h  t h i s  

commitment and t h e  Army d i r e c t i v e  i n  e a r l y  August t h a t  t h e  J u n e  

1962 r ead ines s  d a t e  would be met, t h e  SERGEANT appe&cd t o  be 

back on t h e  t r a c k  and f i r m l y  e s t a b l i s h e d .  Only a  few months 

l a t e r ,  however, it s u f f e r e d  another  se tback  and came dangerously 

c l o s e  t o  being r e l e g a t e d  t o  t h e  s c r a p  heap. 

(4 I n  one of t hose  agonizing r e a p p r a i s a l s  t o  determine ways 

and means of c u t t i n g  t h e  defense  budget,  Sec re t a ry  of Defense 

Robert S.  XcNamara conducted a  pe i ie t ra t ing  rc:view of a11 Army 

weapon sys  terns, inc luding  t h e  SERGTXET whose uncer ta  j.n s t a t u s  a t  

t h e  time made it a  par t icu lax- ly  vu1~11crabl.e candida te  f o r  t h e  

t 
100 

See above, p .  177. --- 
'O'DI. C m t  # l ,  00 /61~-2478,  CufOrd t o  O C i I D ,  17 Hay 61, subj :  

Qunn t i t i c s  & Items Included i n  F'I' 62  Proc. S c d s  Undclr Ll' '.CCLAS; 6: 
C m t  3 2 ,  c~:I)/I 27557, CRB t o  CofOrd ,  8 J u n  61. Q ~ ~ o t c d  i n  OTCN 
3786;', 2 1  Sep 61. RSLC. 



T a b l e  
( C )  FLIGHT DATA - PHASE I V  & V ENGINEERISG MOZEL FZXINGS {C) 

( L i s t e d  i n  C b r c ~ o l c z i c a l  Order)  

+:These rocnds  were r e l i a b i l i t y  f a i i ~ . r e s  (aborts i n  r z n S e  e n d j o r  azic-t 'h.) .  
*=':All f i g u r e s  a r e  given. i n  m e t e r s .  
" Q'v" 

L I I E U S  s i g r  Lndlca tes  m i s s i l e  was s h o r t  i n  r a n g e  no sF,2:1 i n d i c a t e s  rn:-ssile ~ 2 s  Ion,? i n  r z n g ? .  

"Xinus s i g n  i n d i c a t e s  x i s s i l e  w a s  l c f t  i n  azlz?uth;  no s l 5 n  indicates n i s s i l e  ~ 2 s  right in azimi;h.  
yr - -  : Round Xos. 38, i lk ,  46, L:7, 48, 52, and 57 d e l e t e d  f ;xn F1igi-i: ';'c.;t >rograrn. 

SrJSRCE: S323 F i c a l  Y.?.ept EJ-380-0312, A y r i l  1953. ES16. 
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(@) A2jl!,kj l i ~ d  aI l :x( ly  trii~~l;>~(.'i fl~r:clT~:g y i : c : ~ - ~ i . : ~ ~ f - : ! ? ~ l i . ~  f ~ > :  the 

approved FY 1962  pj:ocurcr,:r;n.[l :Cro;n $117,84'?,LSO t n  $" ,050,000, 

throu2,ll z d j  11s t;:i:=.~ts r e s u l j :  i n 8  f r o ~ n  de1.c Lien ol: t h e  AD;) l~ackagc 

and c11::ngcs i n  t h e  ac lap t ic l~  k i t  leadti.!::::. The l\gcmcy f ~ 1 . 1 ~  

b e l i e v e d  t h a t  t l ic  redu::cd an:oul-it :.rou!.d co-ver th-c p1a:mc.d pro- 

curements wit11 about  $ 5 0  5 miil. i.oii l e f t  o v w  t o  clef r a y  t h e  

incrc!.nced p a r i : : ~  (;or, k. foi: FY 1961. lic>w:vej:., thr: 2:cvised puogl:.~m 

guidrmce rcl en:;i:tl by UCSLG:; in l e  te l.:ovi..n!ec 1961. c u t  t h e  f i g u r e  

to $73,452,000. r?l3?,:.4. 1':n.s t h u s  facet1 wit-h t h e  cask of p rc lc t~ r ing  

(@) The subsequent  r o m d  of f;u:iil..iar "wilnt:-:i.fl' progran:ming 

exerc . i ses  and impact repor ' i s  e s t a b l  i.sl;ct! t l i n  t FY 1-962 PEli.4 

a . u tho r f t y  i n  t h e  alriount o f  $75,665,0W ($2,203,000 above t h e  

guidance)  would bc r e q u i r e d  t:o p rov idc  n ba lanced  program i n  t h e  

gl-ound equ ipncn t  a r e a ,  p l u s  anotllclr $2,225,000 f o r  pi-ece part: 

1 - a .  Be.causc of  t h e  l a t e  r c cc ip t  of f i r m  program guidance,  

t h e  FY 1962 hardware buy had. t o  b e  p l aced  under  a l e t t e r  o r d e r  

c o n t r a c t  t o  p r o t e c t  l e ad t ime .  The d e f i n i t i v e  c o n t r a c t  w a s  

--.---- 

'"(1) SGT Ef2P, 1 Aug 62, p. (I-. (2 )  SGT flrog Rcpt f o r  
NOV 61., p.  2. Goth i n  H i . s t :  D i . v  F i . 1 ~ :  

lo3(1)  TT %374/27, CofOrd to CG, Laic, 27 Nov 61. R i s t  
Div F i l e .  ( 2 )  l i i s t  of ARl,iA, 1.. J u l  - 11 Dec 61., pp. 97-98. 



awarded on 29 J u n e  1962, a f t e r  f u r t h e r  de lays  i n  t h e  i ssuance  of 

program a u t h o r i t y .  104 

(p A s  f o r  t h e  Army deployment p lans ,  t h e  phaseout of  t h e  

CORPORAL m i s s i l e  system would be accomplished according t o  t h e  
, 

o r i g i n a l  schedule,  w i t h  t h e  a c t i v a t i o n  and deployment of t h e  

s i x  au tho r i zed  U .  So  SERGEANT b a t t a l i o n s  t o  be  completed between 

J u n e  1962 and J u n e  1964. The f i r s t  t h r e e  U. So  b a t t a l i o n s  would 

be  a c t i v a t e d  by 30 June 1962. Another b a t t a l i o n  would j o i n  t h e  

group by 30 J u n e  1963 w i t h  a c t i v a t i o n  of t h e  l a s t  two by 30 June  

1964. The phase i n  of t h e  SERGEANT would then  be  completed w i t h  

deployment of one b a t t a l i o n  t o  t h e  P a c i f i c ,  one t o  t h e  S t r a t e g i c  

Army Forces,  and fou r  t o  t h e  U .  S. Army, Europe. The number of 

MAP b a t t a l i o n s  remained unchanged, t h e  p l a n  c a l l i n g  f o r  t h r e e  

German double-s t rength  b a t t a l i o n s  ( i . e . ,  w i t h  four  f i r i n g  

b a t t e r i e s  i n s t ead  of two) and one Belgian b a t t a l i o n .  105 

a tchd  t o  S S  OP&Xr;\i-X-13-62, 1.9 Jzn  6 2 ,  s ~ b j :  SGT FY 62 Program. 
(2)  Monthly L r r  Prog Rcpt f o r  SGT as of 31 II-rr 6?,  p. 7 ,  a t  cld 
t o  L t r ,  CGg A O X ,  t o  CofOrd, 3 Apr 6 2 ,  s u b j  : Uontllly L t r  Pro% 
Rept fc r  SGT. Both i n  H i s t  Div I ' i l t o .  (3)  t ' - t  01 HQ A O X ,  
1 J a n  - 30 J c n  62, pp. 32-23, 

lo5(1)  SCT Pro& 1:epr f o r  N v  6 1 ,  p. 2. ( 2 )  l3fg f o  CT;: F.  S .  
Besson, J r . ,  5  Kov 62, Ly SC:T 1'1 e j  M ; y ,  p .  4 .  Cot11 i n  H i s t .  Div 
F i l c .  

198 



1 
Sce abovc, p .  32.  -- 
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(@ It w i l l  b e  r e c a l l e d  t h a t  JPL and Redstone Arsena l ,  i n  

1957, had v igorous ly  r e s i s t e d  p re s su re  t o  a c c e l e r a t e  t h e  program 
F& 

schedule,  a rguing  t h a t  t h e  time r equ i r ed  t o  meet t h e  s t r i n g e n t  

MC' s  precluded a c r a s h  program un le s s  t h e  use r  were w i l l i n g  t o  

accep t  s e r i o u s  compromises i n  r e l i a b i l i t y  and o t h e r  important  

system c h a r a c t e r i s t i c s .  Nevertheless ,  t h e  Sec re t a ry  of t h e  Army, 

in e a r l y  1958, d i r e c t e d  t h a t  t h e  r ead ines s  d a t e  be hastened by 

14 months, from October 1962 t o  August 1961. J u s t  2 yea r s  l a t e r ,  

i n  A p r i l  1960, t h e  program s u f f e r e d  a 10-month s l i p p a g e  because 

of t e c h n i c a l ,  a d m i n i s t r a t i v e ,  and f i n a n c i a l  problems, r e s u l t i n g  

i n  a r ev i sed  r ead ines s  d a t e  of June 1962. It then  became 

apparent  i n  J u l y  1961 t h a t  t h e  r equ i r ed  M C ' s  could not  poss ib ly  

be met by June  1962, and t h e  ABMA Commander s o  informed members 

of t h e  Army General  S t a f f  and CONARC. Though f u l l y  aware of t h e  

shortcomings i n  t h e  weapon system and i t s  f i e l d  maintenance 

suppor t  equipment, t h e  DA S t a f f  dec i s ion  i n  e a r l y  August 19G1 was 

t h a t  t h e  June  1962 r ead ines s  d a t e  would be met and t h e  a b i . l i t y  of 

t h e  system t o  meet i t s  M C i s  would be improved t o  t h e  e x t e n t  pos- 

s i b l e  wi thout  major r edes ign  and i n  t h e  t ime remaining-a l i t t l e  

l e s s  than  a year .  
2 

' I  (Q The f a c t  t h a t  s e r i o u s  shortcomings s t i l l  e x i s t e d  i n  t h e  

system was v i v i d l y  demonstrated i n  t h e  l a s t  four  Phase V t e s t s  i n  

September 1961. Yet t h e  Army would n o t  be moved from a r i g i d  

enforcement of t h e  June 1962 r ead ines s  da t e .  The SERGEANT was 

thus  pressed  prematurely i n t o  t h e  hands of t h e  t roops  w i t h  ful l .  

knowledge t h a t  it d id  no t  meet t h e  r equ i r ed  design c h a r a c t e r i s L i c s  

i n  e i t h e r  performance o r  r e l i n b j S i t y  and t h a t  t h e  i n i t i a l  a b i l i t y  

of Ordnance t o  provide  f u l l  and eEfect-iue f i e l d  support  would be 
3 seve re ly  impaired. General. Hinr ichs  p u t  t h e  consequences of 

-- 
2 

Scc above, pp .  i29-34,  ].GO-68, 186-90. 

3iEt Rept, S!;T P ro j  O J c d  I J u l  - 31 Dec E ? ,  & i n c l s  L h ~ ~ - . > i o .  
H i s t  Div F i l e .  



(e ~ ~ ~ o l 0 j T K ~ r I i  and  Mainicr ;;cc Cr~i7ccpt ( U )  
-_.-*-..--r-r_--. --..---.--.---- ---- , *----- -.- +.-- 

(8 Tlloug11 n o t  y e t  s l abil .  lzccl i n  des  i g i ~  m d  suppor t  enpa5 il-- 

iLy, t h e  SLRCI:ANT weapgn systcm i s s ~ ~ c 6  t o  t h e  f i e l d  i n  1963 f u l - -  

f i l l e d  i t s  m f l i t a r y  object-ivr- a s  a  dra3t i .c  improvement OVCT, mcl 

replacement f o r  t h e  CO1:E-c?!QLL m i s s i l e  sysiern r:hich had been 

o p e r a t  ionnl  s i n c e  1.954. Br i e f  Ly, t h e  S E R S ~ N T ' S  ~ n i s s i o n  was Lo 

a t t a c k  and d e s t r o y  major t a r g e t s  de rp  In cneniy t e r r i t o r y ,  such a s  

l a r g e  t roop  concen t r a t i ons ,  nuc l ea r  d ~ l i v e r y  s y s i c n s ,  cornrnunico- 

t i o n s  c e n t e r s ,  and command acd supply i n s t a l l a t i o n s .  I t s  75-mile 

range,  i t s  a l l  - \?eather d e l i v e r y  c a ~ a b i l  i t y ,  and i t s  cha i ce  of 

nuc l ea r ,  b io log i ca l . ,  

-- - -- - -.--- 
4 
Memo Fo r :  L X G  

H in r i chs ,  CofOrd, 1.1 

5See - abovc, pp. 

C a ~ t  c r  B. P!r12ruder, DCSIAG, froin l?C: J. 11. 
Dcc 58, sub j :  Grd C)bjc.ctivcs. K i s t  1)iv V i i e .  

G7ff.  
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I 

commander t o  wipe o u t  enemy t h r e a t s  a t  a  d i s t a n c e  and of a  magni- 

t ude  f a r  g r e a t e r  t han  was p o s s i b l e  i n  World War I1 o r  even Korea. 

(b) Although sometimes e r roneous ly  desc r ibed  a s  an  improved 

CORPORAL, t h e  SERGEANT missile system was a c t u a l l y  an e n t i r e l y  

new weapon w i t h  s t r i k i n g  improvements and advantages over  i t s  

predecessor .  Equal t o  t h e  CORPORAL i n  range and f i r e  power, it 

was on ly  h a l f  a s  l a r g e  and bulky and r e q u i r e d  less than  one - th i rd  

a s  much ground suppor t  equipment. I t s  h igh ly  r e l i a b l e  s o l i d  

Ground Equipnent Requirements - SCRGWUT ve r sus  COXPOML 

p r o p e l l a n t  r o c k e t  motor could  bz  r ead i ed  f o r  f i r i n g  i n  minutes ,  

whereas t h e  CORPORAL'S high-conpression Liquid p ropu l s ion  system 

r e q u i r e d  hours t o  p repa re  For f i r i n g  and i n v i t e d  plumbing f a i l u r e s ,  

f i r e s ,  and explos ions .  Another advantage was i n  t h e  guidance 

technique ,  t h e  SERGEAlU usirig an a l l . - i n e r t i a l  on-board guidance 

system t h a t  made i t  iunmunc t o  aL1 kuo;~ri enemy e l e c t r o n i c  counter -  

measures,  i n  c o n t r a s t  t o  t h e  CORPOJ&L' s complex electronic 1. ink  

betveen t h e  ground guidancc. cxjuipnr~n!. 2nd t h e  m i s s i l e ,  making it 

p a r t i c u l a r l y  vuluerablc .  t o  coun tc r~acas ixes .  The er-iti.re SERGBWT 

weapon sys  tern W;i.!< ~ u g ~ e d  an;! mobile,  ct;mp;tl:at i.ve1.y. simple t o  
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opera te  and maintain, and t r anspor tab le  by C-130 a i r c r a f t .  The 

combination of these  and many o the r  advantages made t h e  SERGEANT 

f a r  more combat ready and f ieldworthy than t h e  CORPORAL whose 

equipment and r e l i a b i l i t y  were r ap id ly  d e t e r i o r a t i n g .  
, 

(@ The SERGEANT was f i e l d e d  i n  b a t t a l i o n s  of two f i r i n g  

b a t t e r i e s ,  each having one launching s t a t i o n .  Each f i r i n g  u n i t ,  

o r  ba t t e ry ,  had i t s  own survey, comnlunications, maintenance, and 

admin i s t r a t ive  personnel,  and could thus opera te  a t  d i s t ances  f a r  

from i t s  b a t t a l i o n  headquarters.  Backing up t h e  launching s t a t i o n ,  

normally i n  a sepa ra te  area ,  was the  f i r i n g  b a t t e r y ' s  OXTS; and 

backing up the  l a t t e r ,  i n  a c e n t r a l  b a t t a l i o n  locat ion ,  was t h e  

F'MTS of t h e  organic Ordnance Di rec t  Support Unit (DSU), l a t e r  

redesignated a s  the  Miss i l e  Maintenance Platoon (MMP) . 
(@ Although the  i n i t i a l  t a c t i c a l  equipment was d e f i c i e n t  i n  

many respec t s ,  t h e  SERGEANT was the  f i r s t  m i s s i l e  system t o  be 

f i e l d e d  wi th  anything l i k e  the  degree of automation designed i n t o  

it f o r  checkout, f i r i n g ,  t roubleshooting,  and maintenance. The 

maintenance and t e s t  equipment was self-checking and automated, 

wi th  increas ing f a u l t  i s o l a t i o n  c a p a b i l i t y  a t  each successively 

higher support echelon. A t  t h e  launching s t a t i o n ,  malfunctions 

could be i s o l a t e d  t o  major m i s s i l e  sec t ions ;  a t  the  b a t t e r y ' s  

@ITS, down t o  assembly l e v e l ;  a t  t h e  b a t t a l i o n ' s  FMTS, down t o  

subasscnlbly l e v e l ;  and a t  higher echelons, down t o  t h e  lowest 

p iece  p a r t ,  such a s  a diode o r  t r a n s i s t o r .  B u i l t  and packaged 

f o r  ruggedness and r e l i a b i l i t y ,  the  mechanical and e l e c t r o n i c  

assemblies were pos i t ioned f o r  easy access and maintenance, 

f a c i l i t a t i n g  rapid  r e p z i r  i n  t h e  f i e l d  by extensive use of 

replaceable ,  plug-in p a r t s ,  o r  modules. Automated, go-no-go 

type c h c c k o ~ ~ t  equipment, operated by pushbut ton, rapicl1.y i d m -  

Lif ied  a f a u l t y  modulc, so  t h a t  r e p a i r  was slmply a matter  of 

pu l l ing  out  one module and pluyging i n  a n o t l ~ ~ ~ r .  The f a u l t y  

assemblies o r  subasser.~blic:: I J L - L - ~  t hcn  p ~ s s e d  back t o  Ordnance 

gcnera l  support u n i t s  o r  cl2pc;ts f o r  p iece  pa r t  r e p a i r  o r  r ebu i ld .  
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(U) A s  o r i g i n a l l y  planned, p iece  p a r t  r e p a i r  o r  replacement 

of f a u l t y  subassemblies (such a s  diodes, t r a n s i s t o r s ,  e t c . )  was 

t o ' b e  accomplished a t  the  Pueblo Ordnance Depot ( f i f t h  echelon) 

maintenance shop, wi th  one o r  more t h e a t e r  depots t o  be s e t  up 

overseas i f  sys  tern dens i ty  warranted. This  i n i t i a l  concept Gas 

rev i sed  i n  February 1962 t o  provide a piece p a r t  r e p a i r  capabi l -  

i t y  i n  the  f i e l d  a t  the  Ordnance general  support ( f o u r t h  echelon) 

l e v e l  of maintenance. Among t h e  major reasons f o r  t h i s  change i n  

maintenance philosophy were these: 

1. R e l i a b i l i t y  of ma te r i e l  proved, i n  p rac t i ce ,  t o  be lower 
than the  o r i g i n a l  des igners  had o p t i m i s t i c a l l y  predic ted .  

2. The c o s t  of t h e  modules turned out  t o  be severa l  times 
higher than o r i g i n a l l y  predic ted .  

3 .  The combination of increased requirements f o r  p a r t s  
stockage a t  var ious  echelons of supply and maintenance and t h e  
increased c o s t s  of these  s tocks  r e s u l t e d  i n  a t o t a l  c o s t  of 
r e p a i r  p a r t s  t h a t  was unprecedentedly high and v i r t u a l l y  
impossible t o  ob ta in  wi th in  a v a i l a b l e  program au thor i ty .  

4. With t h e  d r a s t i c  reduct ion  i n  the  planned number of 

SERGEANT b a t r a i i o n s ,  the  estabiishment of f i f t h  echelon r e p a i r  
depots i n  overseas t h e a t e r s  could not  be j u s t i f i e d .  Giving the  
genera l  support  u n i t  a piece p a r t  r e p a i r  c a p a b i l i t y  meant t h a t  
about 90 percent  of f a u l t y  p a r t s  could be repai red  wi th in  t h e  
t h e a t e r  and c l o s e  t o  the  supported t a c t i c a l  u n i t s .  

(U) Because of t h e  long leadtime required  t o  develop and pro- 

cu re  the  new trailer-mounted General Support Shop Se t  (GSSS), t h e  

f i r s t  genera l  support u n i t s  had t o  be f i e l d e d  without a p iece  p a r t  

r e p a i r  c a p a b i l i t y .  The impact was pr imar i ly  i n  overseas u n i t s ,  

where t h e r e  would be a 6-month gap between deploymcnt of t h e  f i r s t  

b a t t a l i o n ,  wi th  i t s  organic d i r e c t  support u n i t ,  and the  subse- 

quent deployment of i t s  backup genera l  supporL u n i t  with i t s  FPlTS 

and GSSS ( l a t e r  renamed F i e l d  Plaintcmance Shop Equipment, o r  FIISE) 

To l e s sen  the  consequences of t h i s  gap, the  SERGEANT Pro jec t  

Manager planned t o  beef up the  thea te r  stoclc:ge of p a r t s  beyond 

t h a t  which wou1.d n o r ~ l a l l y  support one overseas bat ta1j .m. 
6 



(U) Personnel Training Program 

(U) Although the  SERGEANT weapon system did  not  reach t h e  

f i e l d  a s  a t a c t i c a l  u n i t  u n t i l  1962, the  personnel t r a i n i n g  

program necessa r i ly  began severa l  years  e a r l i e r  . The i n i t i a l  

phase cons is ted  of on-the- job t r a i n i n g  (OJT) t o  provide advance 

information t o  personnel responsib le  f o r  planning, maintenance, 

and t r a i n i n g  documentation. Between 25 September and 18 December 

1959, 32 s tudents  completed t r a i n i n g  courses a t  SUEL on key e l e -  

ments of t h e  weapon system; i . e . ,  t he  f i r i n g  s e t ,  m i s s i l e  guidance 

sec t ion ,  OMTS, FMTS, and launcher. Included i n  the  s tudent  e n r o l l -  

ment were personnel from the  ARGMA F i e l d  Service  Division,  t h e  

Pueblo Ordnance Depot, the  Ordnance Guided Miss i l e  School (OGMS) 

a t  Redstone Arsenal,  and the  WSNR (Service  Branch and System Test  

Divis ion) .  Concurrently wi th  the  prel iminary OJT courses,  Sperry 

began the  prepara t ion  of lesson mate r i a l  and t r a i n i n g  a i d s  f o r  

the  formal New Equipment Training program t o  be conducted under 

con t rac t  DA-04-43 5 - O ~ ~ - l ~ 8 G .  

(U) Often r e f e r r e d  t o  a s  key personnel t r a in ing ,  New Equip- 

ment Training (NET) is  defined a s  "The i n i t i a l  t r a n s f e r  of 

knowledge t o  key m i l i t a r y  and c i v i l i a n  i n s t r u c t o r s  and mainte- 

nance personnel,  who a r e  a l ready q u a l i f i e d  i n  t h e i r  r e spec t ive  

f i e l d s ,  i n  a n t i c i p a t i o n  of the  r e l e a s e  of new e q u i p ~ e n t  t o  the  

f i e l d . "  Sperry conducted the  SERGEANT NET courses under 

supervis ion  of the  ABMA Training Off i ce .  The program consis ted  

of two bas ic  courses: a 12-week one f o r  Ordnance i n s t r u c t o r  

and key maintenance personnel,  and an 8-week one f o r  A r t i l l e r y  

i n s t r u c t o r  personnel.  7 

(U)  The Ordnance EET course w a s  dcsigncd t o  t r a i n  se lec ted  

personnel i n  the  theory, operatj.on, and mairltenance of the  

- 
7(1) SLT Yrog Kept f o r  Sap 59, pp. 8-9. ( 2 )  SGT Training 

Plan, i a h L 4 ,  13 Dec 60, pp. 2-3. Both i n  I i i s t  D.Lv F i l e .  



8 
weapon system. The purpose of new equipment t r a i n i n g  f o r  OGMS 

i n s t r u c t o r  personnel was t o  accomplish the  necessary t r a n s f e r  of 

knowledge t o  enable them t o  prepare and/or a s s i s t  i n  t h e  prepara- 

t i o n  of Programs of I n s t r u c t i o n  (POI'S) and lesson p lans  t o  be 

used i n  t h e  t r a i n i n g  of Ordnance personnel,  and t o  prepare them 

t o  teach and/or supervise  t h e  i n s t r u c t i o n  of m i l i t a r y  personnel 

during the  Ordnance t r a i n i n g  phase. The Ordnance maintenance 

technic ians  were provided thorough f a m i l i a r i z a t i o n  wi th  system 

theory, opera t ion ,  maintenance, and l o g i s t i c  concepts.  Upon 

completion of t h i s  t r a i n i n g ,  they p a r t i c i p a t e d  i n  maintenance 

a n a l y s i s  of t h e  weapon system, supervised and/or a s s i s t e d  i n  the  

prepara t ion  of t echn ica l  manuals, o r  performed depot funct ions  

r e l a t i n g  t o  t h e  SERGEANT system, a s  appl icable .  A l l  t o l d ,  162 

Ordnance personnel completed the  12-week NET course a t  SUCO 

during t h e  period 4 January t o  24 October 1961. 

(U) The purpose of new equipment t r a i n i n g  f o r  A r t i l l e r y  per- 

sonnel was t o  accomplish the  necessary t r a n s f e r  of knowledge t o  

and lesson p lans ,  and t o  prepare them t o  teach and/or supervise  

t h e  i n s t r u c t i o n  of m i l i t a r y  personnel during the  A r t i l l e r y  t r a i n -  

ing phase. Student enrollment. a t  SUCO included personnel from 

the  A r t i l l e r y  Board, A r t i l l e r y  & Miss i l e  School, DCSOPS, and WSNR. 

This  phase of t h e  NET progran began i n  March and continued through 

September 1961, wi th  a t o t a l  of 54 A r t i l l e r y  personnel completing 

t h e  8-week course. 
9 

8 
Besides observer p a r t i c i p a n t s  from the  Engineer School a t  

F o r t  Bclvoir ,  V i rg in ia ,  the  s ~ u d ~ t )  L enrolln~ent- included t r a inees  
from E M S ;  F i e l d  Support OpcrL+t j n i l s ,  ABPYL; F i e l d  Maintenance 
Divis  ion, Reds tone Arsenal; l'cs t Ordnsnce, F o r t  S i l l ,  Okl ahoma; 
Pueblo Ordnance Depot; F o r t  B l i s s  Ordnance Center; A r t i l l e r y  
Brigade, For t  S i l l ;  Deputy Chief of St-aff £PI- Mil i t a ry  Operations 
(DCSOPS) , DA; and L W Q o  

'(1) SGT k'pn Sys Plan (I4SP-2) , A ~ R ~ x  C Training Fl an, 15 Aug 
61, pp. 5-7. ( 2 )  SGT Prog Rept- f o r  Oct GI., p. 5. BoCh i n  I I i s t  
n i v  F i l e .  



(U) Ordnance u n i t  o r  r e s i d e n t  t r a i n i n g  c l a s s e s  commenced a t  

OGMS i n  October 1961. A r t i l l e r y  c l a s s e s  on the  3G52 t r a i n e r  

began a t  F o r t  S i l l  i n  January  1962, p repa ra to ry  t o  a c t i v a t i o n  of 

t h e  f i r s t  SERGEANT b a t t a l i o n  i n  March. 10 

(U) I n  a d d i t i o n  t o  t h e  above Ordnance and A r t i l l e r y  NET'and 

r e s i d e n t  t r a i n i n g  courses  on t h e  b a s i c  weapon system, a  t e c h n i c a l  

f a m i l i a r i z a t i o n  course ,  NET courses ,  and M i l i t a r y  Occupational 

S p e c i a l t y  (MOS) t r a i n i n g  f o r  SERGEANT s p e c i a l  weapons were con- 

ducted under supe rv i s ion  of t h e  P i ca t inny  Arsena l .  The purpose 

of t h e  t e c h n i c a l  f a m i l i a r i z a t i o n  course ,  conducted a t  P i ca t inny  

Arsenal  i n  November 1961, was t o  f a m i l i a r i z e  s e l e c t e d  personnel  

w i t h  t h e  b a s i c  c h a r a c t e r i s t i c s ,  assembly, s t o r a g e  in spec t ion ,  

f i e l d  t e s t i n g ,  func t ioning ,  and use  of t he  warhead adapt ion  k i t  
4 

and a s s o c i a t e d  t e s t  and handl ing equipment. The Pueblo Army 

S p e c i a l  Weapons Depot conducted NET courses  on f i e l d  and organ- 

i z a t  i o n a l  maintenance c f  

dur ing  t h e  f i r s t  ha l f  of 

c o n d ~ c k e d  &L the Defense 

New Mexico. 
11 

(U) Considering t h e  

t h e  XM-91 adnption k i t  and XW-52 warhead 

1962. The NOS t r a i n i n g  courses  were 

ACorfilc S u p p r t  Agsiicy, Albuqucrquc, 

r e s u l t s  of t h e  system maintenance 

a n a l y s i s  completed i n  January 1962, r e p r e s e n t a t i v e s  of OCO, EMS, 

AOHC, and t h e  Ordnance Tra in ing  Command, i n  a  meeting a t  Redstone 

Arsena l ,  agreed on t h e  concept  and e x t e n t  of t r a i n i n g  on both new 

equipment and p i e c e  p a r t  r e p a i r  t h a t  would be r equ i r ed  by t h e  

f i r s t  SERGEANT General  Support Unit: (GSU) be fo re  i t s  overseas  
12 

deployment. Because of subsequent problems i n  des ign  d e f i n i t i o n  

and component t o o l i n g ,  and a  r e s u l t a n t  de lay  i n  d e l i  e ry  of t he  Y 
GSSS, ex t r ao rd ina ry  measurcs were rcqu-ired t o  meet train in^ and 

-- 
'OSGT Pro, Repts t o r  Oct 61, p.  6,  and Jon  62: p .  6 .  

"(1) SGT Wpn Sys Plan (WSP-2), Annex E TraJning Plail, 1 5  
Aug 61, pp. 35-42. ( 2 )  Ch 1 t o  SGT P?I?P, - 30 Jun  63, pp. 55-59. 
Both i n  E i s t  Div F i l e .  

1 2  
SGT Prog Rept f o r  Jan  6 2 ,  p. 7 .  K i s t  Div F i l e .  



deployment schedules  f o r  t h e  i n i t i a l  GSU. Recognizing t h a t  t h e  

de lay  would e l imina te  formal t r a i n i n g  time, t h e  SERGEANT P r o j e c t  

Manager d i r e c t e d  t h a t  (1) one q u a l i f i e d  SUCO techn ic i an  be 

fu rn i shed  each GSU r e c e i v i n g  t h e  GSSS; (2) two maintenance 

t echn ic i ans  from t h e  GSU and t h e  two DA c i v i l i a n  technicians '  

then  ass igned t o  each GSU rece ive  about  8 weeks t r a i n i n g  a t  SUCO; 

(3) r e p r e s e n t a t i v e  p i ece  p a r t  r e p a i r  be taught  a t  OGMS; and (4) 

d r a f t  procedures and a k i t  of high-usage, h igh-mor ta l i ty  r e p a i r  

p a r t s  be shipped concurrent ly  wi th  each shop s e t .  l3 suco com- 

p l e t e d  t h e  i n i t i a l  NET courses  on t h e  GSSS dur ing  t h e  f i r s t  ha l f  

of CY 1963. A l l  new equipment t r a i n i n g  was completed on 2 October . 

1963, w i th  t h e  f i n a l  course  on t h e  GSSS. 14  

(9) Unit  Ac t iva t ion  and Deployment (U) 

(U) The Ordnance Support Readiness Date f o r  a weapon system 

i s  gene ra l ly  def ined  a s  t h a t  d a t e  by which i t  is  planned t o  

f u r n i s h  t h e  f i r s t  complete weapon system t o  t h e  f i e l d  and t o  have 

a l l  i n i t i a l  c a p a b i l i t i e s  (e .g . ,  t r a i n e d  manpower, t r a i n i n g  a i d s  

and devices ,  t e c h n i c a l  pub l i ca t ions ,  r e p a i r  p a r t s ,  equipment, and 

f a c i l i t i e s )  needed f o r  sus t a ined  supply, maintenance, and o t h e r  

Ordnance support  c o n s i s t e n t  w i th  t h e  approved p lan  o r  program f o r  

t h a t  weapon system. Ord ina r i ly ,  t h e  engineer  and s e r v i c e  t e s t s  

a r e  completed enough i n  advance of t h e  r ead iness  d a t e  so  t h a t  t h e  

necessary  des ign  changes may be incorpora ted  t o  c o r r e c t  s h o r t -  

comings and t h e  weapon system r e c l a s s i f i e d  from LP t o  Standard A 

be fo re  t a c t i c a l  deployment. 

Q I n  t h e  c a s e  of t h e  SERGUPE,  t h e  June 1952 r ead iness  d a t e  

was m e t  bu t  w i th  l e s s  than f u l l  support  c a p a b i l i t y .  Moreover, t h e  

--- 
13sW. Pro j  Ofc H i s t  Rept, 1 J u l  - 31 Dec 62,  p. 10. H i s t  

Div F i l e .  

"(1) SGT P ro j  Ofc HisL Rept,  31. Dc; 62 - 1 J u l  63, p. 7 .  
(2)  SGT P ro j  Gfc  Kist: Reptr, 1 Ju!. 6:: - 30 Jun 6 4 ,  p .  5. Both i n  
H i s t  Div Fi1.e. 



system equipment was y e t  t o  be  updated t o  t h e  ' f u l l  t a c t i c a l  con- 

f i g u r a t i o n  and y e t  t o  b e  sub jec t ed  t o  engineer -serv ice  t e s t s ,  thus  

r e q u i r i n g  a n  ex tens ion  of t h e  LP c l a s s i f i c a t i o n  f o r  a t  l e a s t  

ano the r  year .  It w i l l  be  r e c a l l e d  t h a t  t h e  LP c l a s s i f i c a t i o n  had 

been extended t o  t h e  second q u a r t e r  of FY 1963 (23 November 1962),  

because of de l ays  i n  t h e  R&D EM t e s t s ,  c a n c e l l a t i o n  of FY 1960 

procurement, and t h e  consequent 1-year s l i p p a g e  i n  t h e  engineer-  

s e r v i c e  t e s t  The p lan  a t  t h a t  t ime was t o  begin t h e  

engineer -serv ice  t e s t s  i n  October 1961, us ing  Block I11 equipment; 

however, t h e  subsequent e l imina t ion  of t h e  Block 111 conf igu ra t ion  

i n  June  1961 n e c e s s i t a t e d  a  readjustment  of t h e  d e l i v e r y  schedule.  

I n  o rde r  t o  u s e  Block I V  t a c t i c a l  equipment f o r  t h e  engineer-  

s e r v i c e  t e s t s ,  i t  was necessary  t o  de lay  t h e  t e s t s  u n t i l  a f t e r  

February 1962, when t h e  f i r s t  t a c t i c a l  d e l i v e r i e s  were t o  begin.  

Therefore ,  t h e  j o i n t  engineer -serv ice  f l i g h t  t e s t  eva lua t ion  was 

rescheduled t o  begin  i n  j u l y  1962 and ccmtinue concurren t ly  w i t h  

t a c t i c a l  deployment of t h e  weapon systcm i n  1963. I n  view of 

t h i s  new schedule,  g ran ted  a  1 - y e a r  e x t e ~ s i o n  o x t h e  LP 

c l a s s i f i c a t i o n  ( t o  November 1963) . 1.6 

Ear ly  Supply znd Support Problems ------ 

0) The suppor t  problems encountered i n  t h e  months fo l lowing  

t h e  SERGEANT read ines s  d a t e  were a t t r i b u t e d  i n  l a r g e  measure t o  

t h e  e a r l i e r  r e f u s a l  of t h e  DA S t d i  f  t o  accept  a  s l i ppage  i!l the 

schedule on t h e  premise t h a t  most of t h e  rcmninirig def i c i enc5 . e~  

i n  t h e  system could be  overcome by d c p l o y r ? ~ u t  time. The improve- 

ments needed t o  meet t h e  PIC'S were nai.n!.y concerned w i t h  r ~ . l i a -  

b i l . i t y  and t h e  a b i l i t y  of t h e  syst-pi:? t o  o p e r a t e  eLfec t ivc ly  i n  

extrcmcly ho t  weather.  TIE p r o j e c t  was a l r eady  on a very  t i g h t  

---- 
''See - above, p. 1 7 7  
16 

L t r ,  CG, iO:C, t o  CN), n.d.,  sc14j: S(;T Ci Sys - Extcns io?  
of LP Clas ;  and 1 s t  Lnd, OS!ll) t o  CC:: :21C, 1 5  I;ev 62. Eoth quoted 
i n  NICI'CM 647, 21 Mar 63. IISIC. 



schedule, d i f f i c u l t  t o  meet even under i d e a l  circumstances, when 

t h e  improvement program threw i n t o  t h e  system a mass of a d d i t i o n a l  

changes t h a t  simply could not  be ass imi la ted  i n  the  time ava i l ab le .  

I n  t h e i r  z e a l  t o  improve system performance, design engineers 

tended t o  ignore t h e  chain reac t ion  of bothersome, unglamorous 

s i d e  e f f e c t s  t h a t  even t h e  simplest  hardware change would 

in i t i a t e - such  a s  changes i n  documentation, already produced 

r e p a i r  p a r t s ,  supply manuals, ca ta logs ,  c a l i b r a t i o n ,  maintenance 

a l l o c a t i o n  c h a r t s ,  maintenance procedures, s p e c i a l  t o o l s ,  t e s t  

equipment, e t c .  I n  any case,  t h e  eleventh-hour changes made by 

t h e  design engineers and the  r e l i a b i l i t y  improvements r e s u l t i n g  

from t h e  RAFTNER program led  t o  a  c r i t i c a l  shortage of r e p a i r  

p a r t s  t h a t  se r ious ly  impaired the  a b i l i t y  of Ordnance t o  support 

the  system i n  the  f i e l d .  This  s i t u a t i o n  was aggravated by a 

shortage of funds, by l a t e  funding and hence l a t e  procurement of 

long-leadtime items, and by accumulated p a r t s  mor ta l i ty  experience 

which d i c t a t e d  heavier  provisioning a t  various support echelons. 

(E AS of 30 June 1962, two U.  S. t a c t i c a l  b a t t a l i o n s  (3d 

Ba t t a l ion /38 th  A r t i l l e r y  and 5 th  B a t t a l i o n / 8 l s t  A r t i l l e r y )  and 

t h r e e  Ordnance support u n i t s  had been a c t i v a t e d  and were under- 

going t r a i n i n g  a t  the  A r t i l l e r y  School and OGMS. To meet the  

de l ive ry  schedules f o r  these  u n i t s ,  it had been nece vry 
s h i p  some equipment s h o r t  a  number of t e s t  tapes and c e r t a i n  

secondary hardware items which would have Lo be issued t o  t h e  

f i e l d  a s  they became available. A major source of the  shor tage  

was t h e  modif i ca t ion- re t ro f  it progranl f o r  MFTNER chariges and 

t h e  l a c k  of concurrent  spare  p a r t s  support of such items. To 

a l l e v i a t e  the  r e p a i r  p a r t s  probl-em, t h c  SCKGEAXT P ro jec t  Manager 

real- located e l e c t r o n i c  top  assc~ , lb l i e s  from c e r t a i n  s e t s  of ground 

equipment t o  spare  p a r t s  requirciLLctl ts  and p:~oled s t a t e s i d e  re -  

sources t o  provide r e p a i r  p a r t s  t r a i n i n g  a L itcdstone Arsenal., 

F o r t  S i l l ,  and NS;T<. Besides the  spare p r L s  s l iorLag~,  a i r  

condit-ioning u n i ~ s  1;ri-e not au:iilzbl-e on the  r r ad incss  da te  and 

212 



- .  

o p e r a t i o n a l  d e f i c i e n c i e s  l a t e r  developed i n  t h e  FMTS, i n  two of  

t h e  missile c o n t a i n e r s ,  and i n  t h e  v e h i c l e  suspension system. 
17 

(U) A s  s t a t e d  e a r l i e r ,  t h e  need f o r  a i r  cond i t i on ing  i n  t h e  

ground suppor t  equipment ( i . e . ,  t h e  OXTS, FMTS, and f i r i n g  set) 

was n o t  e s t a b l i s h e d  u n t i l  1961, and t h e  coo l ing  u n i t  could  n o t  be  

developed and procured i n  t i m e  f o r  t h e  i n i t i a l  t a c t i c a l  d e l i v -  
18  

eries. By t h e  end of August 1962, a i r  cond i t i one r s  and duc t  

work had been i n s t a l l e d  i n  t h e  t a c t i c a l  ground equipment a l r e a d y  

i n  t h e  f i e l d ,  and subsequent  equipment was d e l i v e r e d ~ o m p l e t e  

w i t h  t h e  coo l ing  u n i t s .  
19 

(0 Opera t iona l  d e f i c i e n c i e s  i n  t h e  FMTS p re sen t ed  s e r i o u s  

suppor t  problems t h a t  cont inued  long a f t e r  t h e  f i r s t  u n i t  was 

deployed. Here aga in ,  t h e  d i f f i c u l t y  could be t r a c e d  t o  t h e  

des ign  changes in t roduced  by t h e  r e l i a b i l i t y  improvement program. 

Most o f  t h e s e  changes were i n  t h e  m i s s i l e ;  and t h i s  l e d  t o  changes 

i n  t h e  launcher  ( f i r i n g  s e t )  e l e c t r o n i c s ,  t h e  OMTS, and f i n a l l y ,  

i n  f a l l i n g  domino f a sh ion ,  t h e  FPITS. Being t h e  h i g h e s t  echelon 

p i e c e  of  t e s t  equipment i n  t h e  o r i g i n a l  system, t h e  FIITS, of 

n e c e s s i t y ,  had t o  be  t h e  l a s t  i t e m  deployed. Normally, about  a  

y e a r ' s  l a g  i n  development could  b e  expected,  b u t  t h e  l a r g e  number 

of changes genera ted  l a t e  i n  t h e  program increased  t h i s  t i m e  l a g .  

The r e s u l t  was t h a t  t h e  FMTS t n i t i a l l y  produced and f i e l d e d  was 

t o t a l l y  u n s a t i s f a c t o r y  i n  bo th  performance and r e l i a b i l i t y  and 

would n o t  p rovide  automated t h i r d  and f o u r t h  echelon maintenance 

suppor t  f o r  t h e  system. It was designed t o  i s o l a t e  e l e c t r o n i c  

f a i l u r e s  down t o  subassembly l c v e l  i n  about  90 pe rcen t  of a l l  

e l e c t r o n i c s  w i t h i n  t h e  system. However, t e s t s  conducted a t  WSHR 

17(1) SGT P r o j  OEc H i s t  Rept,  1 J u l  - 31  Dec 62, pp. 1, 6-8, 
& i n c l s  t h e r e t o .  (2) SGT PI'?2P, 1 Aug 62,  pp. 3-4. Both i n  H i s t  
Div F i l e .  

18  
See above, p. 183. 

19- 
SGT P r o j  Ofc l l i s t  Rept,  I J u l  - 31 Dec. 62, p. 12. H i s t  

Div F i l e .  



i n  J u l y ,  August, and September 1962 d i s c l o s e d  t h a t  t h e  FMTS was 

achiev ing  only  20 percent  e f f e c t i v e n e s s  owing t o  a l a c k  of 

s u f f i c i e n t  t e s t  t apes ,  i naccu ra t e ly  programmed t e s t  t apes ,  

i ncompa t ib i l i t y  between t e s t  t apes  and assemblies  under t e s t ,  

and u n r e l i a b i l i t y  of  c e r t a i n  components i n  t h e  s e t .  A - c r a s h ,  

program t o  i n s t a l l  new t apes  and a t ape  r eade r  assembly 

s u b s t a n t i a l l y  improved i t s  c a p a b i l i t y ,  bu t  upgrading was s t i l l  

r equ i r ed  and modi f ica t ions  cont inued on a normal r e t r o f i t  b a s i s  

. i n  1963-64. 
20 

(# The new XM-486 motor c o n t a i n e r  and XM-487 guidance 

s e c t i o n  c o n t a i n e r  designed and manufactured by breakout con- 

t r a c t o r s  t o  r e p l a c e  t h e  JPL XM-419 and XM-420 contaif iers  2 1 

proved t o  be u n s u i t a b l e  f o r  t a c t i c a l  usage and were r e j e c t e d  

by t h e  A r t i l l e r y  Board fol lowing t e s t s  a t  WSMR i n  September 

1962. Guided by t h e  r e s u l t s  of f i n a l  system t e s t s  on modified 

ve r s ions  of a l l  f ou r  con ta ine r s ,  i n  A p r i l  1963, t h e  A r t i l l e r y  

Board accepted t h e  redesigned JPL con ta ine r s  a s  t h e  s tandard  

t x t i c a l  acdel. Ecczusc of th2 q u x t i t y  3f t h e  m-486 2nd 

m-487 con ta ine r s  a l r eady  i n  t h e  system, they  would s t i l l  be  

used, bu t  f o r  non-tact  i c a l  sh ipping  and s t o r a g e  purposes 

only .  
2 2 

(U) The wisdom of t h e  d e c i s i o n  t o  r e p l a c e  t h e  JPL-designed 

Neidhart  rubber  suspension system wi th  t h e  OTAC t o r s i o n  ba r  

20(1) SGT Pro j  Ofc H i s t  Rept,  1 J u l  - 31 Dec 62, pp. 8-9. 
(2)  Rept,  FMTS S t a t u s ,  a tchd  t o  DP, C A R  [Ralph J . ]  Cook, [Asst  
t o  SGT PM], t o  COL [ J .  E.] Aber, [SGT PM], 10 Oct 62, sub j :  The 
SGT FMTS S t a t u s .  (3)  SGT P r o j  Ofc TIist Rept,  31. Dec 62 - 1 J u l  
63, p .  7 .  (4) SGT Pro j  Ofc H i s t  Rcpt, FY 1964, pp. 13-14. A l l  . - 

i n  H i s t  D i v  F i l - e .  
2 1 

See <~bove ,  p, 185. - 
2 2 

(1) L t r ,  Dep PM, SGT Wpn Sys, t o  CG,  AMC, 20 Dcc 62,  subj :  
Monthly Highl ight  of Maj Fiat Proc & Dev Programs (KCS OSD 1076).  
(2) Ch 1 t o  SG'I PNzP, 3': J u n  63, p.  56,. (3)  SGI i 'roj Ofc l l i s t  
Rcpts  1 J u l  - 31 Dec 62, pp. l l . - j ?O  ( L ; )  SGT Yroj Ofc Hi s t  Rept,  
31 Dec 62 - 1 J u l  63, p. 3. A l l  jn H l s t  Div F i l c .  



system on a l l  t r anspor t e r s23  came i n t o  ques t ion  i n  1963, when 

co ld  weather t e s t s  a t  Redstone Arsenal  c l e a r l y  demonstrated t h a t  

t h e  magnitude of shock t r ansmi t t ed  t o  t h e  f i r i n g  s e t  by t h e  prime 

mover (M52 t r u c k  t r a c t o r )  f a r  exceeded t h a t  t r ansmi t t ed  by t h e  

Neidhart  rubber  system on t h e  t r a n s p o r t  t r a i l e r .  The dec i s ibn ,  

however, was immutable. Work cont inued on t h e  t o r s i o n  ba r  con- 

ve r s ion  package and t h e  Army Tank-Automotive Center  ( former ly  

Ordnance Tank-Automotive Command) inves t iga t ed  p o s s i b l e  means of 

ob ta in ing  a  s o f t e r  r i d e  from t h e  M52 prime mover. Meanwhile, t h e  

t a c t i c a l  t r a n s p o r t e r s  were deployed wi th  t h e  Neidhar t  suspension 

system and a  w i n t e r i z a t i o n  k i t  t o  i nc rease  t h e i r  low-temperature 

performance. La te r ,  they were a l l  r e t r o f i t t e d  wi th  t h e  t o r s i o n  

ba r  suspension system, b u t  t h e  a v a i l a b l e  evidence does n o t  i nd i -  

c a t e  t h a t  t h e  problem w i t h  t h e  prime mover was ever  solved.  

R e s p o n s i b i l i t y  f o r  t h e  engineer ing  and maintenance of a l l  t r a i l e r s  

and enclosul-es f o r  t h e  OMTS and FMTS was t r a n s f e r r e d  t o  t h e  Army 

Tank-Automotive Center  e f f e c t i v e  1 December 1962. 24 

T a c t i c a l  Deployment 

v) Except f o r  a change i n  t h e  numberT8f U. S. and MAP u n i t s ,  

23(1) - See above, p p .  183-8.5. (2)  The dec i s ion  had been 
p red ica t ed  on r e s u l t s  of e a r l i e r  environmental t e s t s  of t h e  
t r a n s p o r t e r s  and prime movers which ind ica t ed  t h a t  t h e  combi- 
n a t i o n  would no t  remain operabic ,  w i t h i n  t h e  shock and v ib ra -  

0 
t i o n  l i m i t s ,  a t  low temperature o:trcines ( 0  t o  -65 '~ . ) ,  
because t h e  Neidhart  rubber  suspension became hard and s t i f f .  
Advocates of t he  Neidhart  system argued t h a t  t h e  rubber  t i r e s  
on both  t h e  t r a i l e r s  and t rucks  would be s u s c e p t i b l e  t o  t h e  
samc i m p  irmcnt regal-dl-ess of t hc  type suspension uscd, and 
that t h e  t o r s i o n  bar  system ~ j ~ i i l d  110t ;1ppi:~~ia.bl.y i nc rease  the  
n ~ o b i l i t y  of t h e  v e h i c l e s  i n  t:xtrciilely co ld  weather.  Intvw, 
Plary T. CagZe wi th  Paul  R.  Col.Pier, SG'I' Cmdty Ofc, 23 Apr 70. 

2  4  
(1)  - Ib id .  ( 2 )  SGT Pro j  O5c H i s t  Re]. . 31 Dec 62 - 1 J u l  

63, p. 4. (3) SGT R12P, 31 I!nr 63, p, 67.. Both i n  H i s t  Div 
F i l e .  (4) AOLIC Rcpt KT-?Ii-62-36, 18 Sep  62, subj :  SGT Neidhart  
Suspc:lsion S > s  \iTinccrizaticn K i t  Tes t .  R S I C .  (5)  Ch 2 t o  SGY 
El2P, 30 Jun 68, p. 10. H i s t  Div F i l e .  



t h e  t a c t i c a l  deployment of  t h e  SERGEANT weapon system was accom- 

p l i s h e d  e s s e n t i a l l y  accord ing  t o  t h e  p l an  l a i d  o u t  i n  l a t e  1961. 
25 

The number of  a u t h o r i z e d  U. S. b a t t a l i o n s  was increased  from six 

t o  seven, t h e  planned Belg ian  (MAP) b a t t a l i o n  was cance l l ed ,  and 

t h e  number of  double-s t rength  German (MAP) b a t t a l i o n s  was in-  

c r ea sed  from t h r e e  t o  fou r .  Between June 1962 and September 1964, 

a l l  seven of  t h e  Army b a t t a l i o n s  and t h e i r  suppor t  u n i t s  were 

equipped, t r a i n e d ,  and deployed-one t o  F o r t  S i l l ,  Oklahoma 

( S t r a t e g i c  Army Corps),  f i v e  t o  Europe ( f o u r  i n  Germany and one 

i n  I t a l y ) ,  and one t o  Korea. Deployment of t h e  o r i g i n a l  t h r e e  

MAP b a t t a l i o n s  t o  t h e  Fede ra l  Republ ic  of Germany (FRG) was 

cdmpleted i n  1963-64 ?nd t h e  f o u r t h  i n  1965-66.26 (See Table  5.) 

(U) The COXFOXAL weapon system w a s  phased o u t  of t h e  f i e l d  

a s  SERGMT u n i t s  bccame ava i la .b le .  I n a c t i v a t i o n  of  t h e  f i r s t  

European b a t t a l i o n .  occur red  on 31 March 1963. By 10  June  1964, 

a l l  of t h e  CORPORAL m i s s i l e  maintenance t echn ic i ans  had l e f t  t h e  

Seventh Army and t h e  l a s t  CORPORAL a r t i l l e r y  u n i t  was i n a c t i v a t e d  

on 25 Jcnc 1964.  The F31C Tec!mic?l C s m i t t e e  r e c l a s s i f i e d  t h e  

CORPORAL m i s s i l e  system a s  o b s o l e t e  e f f e c t i v e  1 J u l y  1964. 
2  7  

(# Engineer-Service Tes t  Progrnm (U) :+ 

(6 The. j o i n t  Engineer-Service t e s t s  proceeded concu r r en t ly  

w i t h  t h e  i n i t i a l  u n i t  a c t i v a t i o n s ,  t r a i n i n g ,  and deployment i n  

1962-63. The p r i ~ x a r y  o b j e c t i v e  of t h e  t e s t  program was t o  d e t e r -  

mine t h e  abi1:ty o f  t h e  t a c t i c a l  weapon system t o  meet i t s  M C ' S .  

The Engineer-Service (E/s)  f l i g h t  t e s t s  began a t  WSllR i n  J u l y  1962 

and c o n t - i n u ~ d  throclgh J u n e  1963. All. t o l d ,  28 missiles were f i r e d  

i n  t:he E / S  t e e L s  ~ n d  LO i n  Annu21  S e r v i c e  P r a c t i c e  (ASP), a long  

2 5 ~ c e  .-- abovc, py .  1.97-98. 

"6(1) Ch 1 Lo SG1. F?:zP,  30 J u n  64, p. 38. (2) Ch 5  t o  SGT 
R*12I', 30 ,JL~!I 65, p. 3 8 .  5 0 t h  ill ITist Div F i l e .  



U. S. mm 
En & Spt  U c i t s  

3d ~ n / 3 E t h  A r t y  
XXP (Formerly 23d DSU) 

5 t h  ~ n / 7 7 t h  A r t y  
KFiP (Formerly 2 5 t h  DSU) 

3d ~ n / S l s t  A r t y  
EX? (Formerly 26 th  DSU) 

5 t h  ~ n / 7 3 d  A r t y  
PEP (Formerly 3 7 t h  DSU) 

5 t h  ~ n / 3 3 t h  A r t y  
3P:? (Formeriy 9 0 t h  DSU) 

3d ~ n ' 8 O t h  A r t y  
M.P (Formerly 100 th  DSU) 

1st !3n/6Eth. A r t y  
%!T (Formerly 7 8 t h  DSU) 

T a b l e  5  
(h SERGEANT TACTICAL DEPWIPENT SCHEDULE - 1962-66 (U) 

Locat  i o n  

F t  S i l l ,  Oklahoma 

Babenhausen, Germany 

Koyand-Gok, Hagok, Korea 

Ea langen ,  Germany 

Vicenza,  I t a l y  

Gonseheim, Germany 

Rnsbach, Germany 

U .  S .  G e n e r a l  Support  U n i t s  

1 1 6 t h  GSIj I Pirmansens ,  Germany 

1 1 7 t h  GSU / Seoul ,  Korea 

5 / 3 0 t h  GS Augn (Fo Vicenza ,  I t a l y  
9 9 t h  Ord Det)  

3d P l t ,  579 th  Ord Co. 
(Formerly 115 th  GSU) 

118 th  GSU t h a t  was t o  be a s s i g n e d  t o  F o r t  S i l l  was j 

Mainz, Germany 

Equip.  Prod 
Dlvry Date 

Apr 62 
Apr 62 

J u l  62 
May 62 

J u l  62 
May 62  

Nov 6 2  
J u l  62 

Apr 63 
Feb 63 

May 63 
Mar 63 

Nov 63 
Aug 63 

Sep 62 

Mar 63 

J u n  62  

J a n  6 4  

~qui 'pment  
F i l l  Da te  

May 62 
Apr 62 

Aug 62 
May 62 

Oct 62  
May 62 

Mar 63 
Aug 62 

J u l  63 
Feb 63 

Sep 63 
Apr 63 

Feb 6 4  
Sep 63 

Sep 62  

Mar 63 

J u n  62  

Apr 6 4  

ATT 
F i r i n g  Date  

J u n  62  

Dec 6 2  

Feb 63 

J u l  63 

Oct  63 

J a n  6 4  

J u n  6 4  

Deployment 
D a t e  

Sep 62 

Mar 63 

J u n  63 

Sep 63 

Dec 63 

Mar 6 4  

Sep 6 4  

J u n  63 

Aug 63 

Oct  63 

J u n  6 4  

- 
adequ.:tc c z p n b i i i t y  t o  p rov ide  backup s u p p o r t  t o  t h e  3d ~ a t t a l i o d 3 8 t h  A r t i l l e r y .  

(Tab le  Continued) 



Table 5 (a SERGEANT TACTICAL DEPUlmNT SCHEDULE - 1962-66 (U) (Continued) 

GERMAN 
(NAPj - Units 

FRG I1 (350th En) 
F;?G 11 nsu (A) 
FRG I1 DSV (B) 

mc 111 (250th an) 
FEG 111 DSU (11) 

"7 LhG I11 DSU (B) 

FRG I GSU 
7XG I1 GSU 
F3.G III GSU 
K G  Iii GSU 

S e r m n  Ord School 
Geraan Arty School 

Location 

Hamminkeln, Germany 

Xontabaur, Germany 

Grossengstingen, Germany 

Germany . 

Germany 
Germany 
Germany 
Germany 

Germany 
Germany 

- 
Equip. Prod 
Dlvry Date - 
Mar 63 
Par 63 
Fay 64 

Aug 63 
Jul 63 
May 64 

Jun 63 
Jun 63 
Kay 64 

Dec 65 
S e p  65 
Jan 66 

Kov 63 
Yay 65 
Jun 65 
Kov 65 

Feb 66 
Eec 65 - 

Equip. Shpd 
To FRG 

Apr 63 
Apr 63 
Nov 64 

Sep 63 
Sep 63 
Nov 64 

Apr 64 
Apr 64 
Nov 64 

Apr 66 
Oct 65 
Apr 66 

Jun 64 
Aug 65 
Aug 65 
Jan 66 

Apr 66 
Jan 66 

ATT 
Firing Date 

Feb 63 

Jun 63 

Dec 63 

Feb 65 

Troops Return 
to FRG 

Mar 63 
Mar 63 
Nov 64 JC 

Jul 63 
Jul 63 
Nov 64 7k 

Dec 63 
Dec 63 
Nov 64 7k 

Mar 65 
Mar 65 
Mar 65 7k 

Apr 64 
1966 
1966 7 d ~  

1966 We 

N/ A 
N /A 

f: The Military Assistance Advisory Group in Germany indicated that trained personnel for the addi- 
tional DSU's rio~ld be obtained by divtding personnel between the two DSU's of each battalion. 

A Gci-nzny icdicatcd that no unit training would be required. Some technicians to receive individual 
trair.ir.g at the Arrn~issile & Nunitions Center & School (formerly Ordnance Guided Missile 
School); others to De trained in-country. 

SOURCE: SERGEANT Project Management Master Plan, 31 March 1966. 



wi th  the  f i r s t  two of 12 scheduled SERGEANT Product.Improvement 

Evaluation Program (SPIEP) f i r i n g s .  28 Although the  E/S and ASP 

t e s t  r e s u l t s  showed the  SERGEANT t o  be a s i g n i f i c a n t  improvement 

over the  CORPORAL, t h e  system s t i l l  f e l l  s h o r t  of meeting some of 

i ts  M C ' s .  Among the  most important c h a r a c t e r i s t i c s  not  met were 

p r e f l i g h t  ( f  ire-on-time) r e l i a b i l i t y ,  i n - f l i g h t  r e l i a b i l i t y ,  and 

t e s t  equipment and maintenance requirements. 

(b P r e f l i g h t  Reliabil*. Of the  34 miss i l e s  considered, 

only 8 (24 percent)  were f i r e d  a t  the  designated time, and 15 

(44 percent)  were f i r e d  i n  two o r  l e s s  at tempts (about 15  

minutes' s l i p  time), i n  c o n t r a s t  t o  a 95 percent f i-rz-on-time 
+ 

r e l i a b i l i t y  requirement. 

(4 In-Fl ight  R e l i a b i l i t y .  ( I n  the  absence of e f f e c t i v e  

countermeasures, those miss i l e s  t h a t  launch must have an in-  

f l i g h t  r e l i a b i l i t y  of 95 percent.) Of the  38 miss i l e s  f i r e d  

(28 E/S ,  10 ASP), two rounds had range o r  telcmctry-induced 

f a i l u r e s  and were n c t  countcd i n  the  accuracy o r  r e l i a b i l i t y  

ana lys i s .  Of the  remaining 36 rounds, 11 sus ta ined i d e n t i f i a b l e  

i n - f l i g h t  malfunctions causing a l a r g c  range o r  azimuth e r r o r ,  

and 25 (69 percent) de.livered an armed warhead sec t ion  within 

normal d i spe r s ion  l i m i t s  associa ted  with the  required 300-meter 

CPE. The cen te r  of impact f o r  t h e  r e l i a b l e  miss i l e s  was 76 

meters l e f t  and 69 meters shor t  of the  designated t a r g e t .  

(4 The t e s t  equipment and maini ennnce requiremcn t s  c a l l e d  

f o r  r ap id  func t iona l  t e s t s  oT the  m i s s i l e  ( 2  machours requi red ,  

1 manhour d e s i r e d ) ,  r ap id  i s o l a t i o n  of de fec t ive  suhssembl ics ,  

and ease of f a u l ~  i s o l a t i o n .  Rapid i s o l a t i o n  of de fec t ive  sub- 

asseriiblies was not achieved bccausc of unsat i s fnc t  ory operat  ior? 

of the. FEES, a s  noted above. N i s s i l e  chcckout by the  OXTS 

required  th ree  men f o r  about 50 rninut cs  (2 .  '1 manhours) and 

f a d t y  assembly w a s  noL always i n d i c d i ~ d  ~ o r r c ~ t l y .  

2 8 ~ ~ ~ ~ ~  An1 Hist Sum, 1-Y 1.963, pp. 83-84. 



\ 
M ~ h e  weapon system a l s o  f e l l  s h o r t  of o t h e r  r e l a t i v e l y  

important  requirements .  For  example, t h e  r equ i r ed  c y c l i c  r a t e  

(two m i s s i l e s  pe r  hour pe r  launcher)  and o p e r a t i o n a l  standby 

r e a d i n e s s  ( f i r e  on a s  l i t t l e  a s  7 .5  minutes '  n o t i c e  f o r  a 

pe r iod  of 4 hours  requi red)  were no t  achieved because of poor 

system r e 1  i a b i l i t y  and t h e  t ime r equ i r ed  f o r  m i s s i l e  loading  

and assembly and f o r  m i s s i l e  o r i e n t a t i o n .  A c y c l i c  r a t e  of 

two rounds r equ i r ed  a n  average time of 88 minutes a* only  

e i g h t  ou t  of 1 5  a t tempts  t o  hold f o r  2 . t o  3 hours were 

succes s fu l .  
2 9 

(d The SERGEANT In-Process  Review was he ld  a t  WSMR, 14-17 

October 1963, t o  cons ider  t h e  r e s u l t s  of t h e  E /S  t e s t s  and type  

c l a s s i f i c a t i o n  of t h e  weapon system. A l l  t o l d ,  t h e b  were 63 

shortcomings l i s t e d  i n  t h e  E / S  t e s t  r e p o r t .  Of t hese ,  26 were 

c o r r e c t e d  i n  t h e  course  of t h e  program, 23 were under i n v e s t i -  

g a t i o n  a t  t h e  end of t h e  program, and no a c t i o n  was planned on 

t h e  remaining 14. The planned (Phase I )  eng inee r ing  and modi- 

f i c a t i o n  e f f o r t  i n  FY 1964-65 was expected t o  b r i n g  t h e  system 

i n - f l i g h t  r e l i a b i l i t y  up froin 69 t o  85 percent ,  and inc rease  t h e  

p r e f l i g h t  ( f  ire-on-time) r e l i a b i l i t y  from 24 t o  61  pe rcen t .  

Changes and improvements being made i n  t h e  FNFS were expected 

t o  b r i n g  t h e  s e t  up t o  a s a t  i s £  a c t o r y  nutoinat i c  o p e r a t i o n a l  

c a p a b i l i t y  by mid-1964. The remaining >X's  and shortcomings, 

a l though s t i l l  under improvement i n  many cases ,  ,~.s;l 
apprec i ab ly  degrade t h e  system. 

6.) The review board t l l c r c fo rc  concluded t h a t  t h e  planncd 

engincer  ing and u o d i f i c a t  ion e f f o r t  i n  1964-65 s h o d  d be 

continued;  t h a t  t h e  KC requirements  fo r  pref  1 i g h t  and i n - f l i g h t  

2 9 (1)  Mart in  Orlando Rcpt OR 3893, March 19G4, subj :  A 
Study of Se l ec t ed  T a c t i c a l  W p l  Sys--Arli:y, pp. 19 ,  37, 93. SPCF, 
Bx 14-17, KZSn. ( 2 )  SIT, SGT TPR, 14-17 Oct 63, a t c l ~ d  a s  i n c l  
t o  LLr, SCT mi t o  CG,  LUX, 6 Scaq  64, subj: X m i t - I  o f  SLT IPK 
Rcpt Suiil. Quoted i n  I\~.ICTC'; j S l i ,  hcv 27 Fcb 64. KSIC. 



r e l i a b i l i t y  and FFES ope ra t ion  should be  waived t o  t h e  l e v e l s  

cons idered  f e a s i b l e  w i t h i n  such e f f o r t ;  and t h a t  t h e  completion 

of equipment mod i f i ca t ion  and t e s t s  should be  waived as a 

p r e r e q u i s i t e  t o  type  c l a s s i f i c a t i o n .  It f u r t h e r  concluded t h a t  

t h e  major system redes ign  and modi f ica t ion  program q c e s s a r y  t o  

achieve  t h e  95 pe rcen t  i n - f l i g h t  r e l i a b i l i t y  should n o t  be  

undertaken, b u t  t h a t  e f f o r t s  should b e  cont inued t o  r a i s e  t h e  

r e l i a b i l i t y  of e x i s t i n g  hardware t o  t h e  e x t e n t  p o s s i b l e  wi thout  

major redes ign .  The XM-91 adapt ion  k i t ,  t h e  t e s t  ::nd handl ing 

equipment, and t h e  t r a i n i n g  and p r a c t i c e  warhead:. - r e  found t o  

be  accep tab le  f o r  type c l a s s i f i c a t i o n  a s  Standard wi th  no 

changes o r  waivers  r equ i r ed .  The E24 b i o l o g i c a l  r . ~ r h e a d  and 

t h e  E21 chemical warhead were t o  be c l a s s i f i e d  a s  Standard A i n  

t h e  second and t h i r d  q u a r t e r s  of FY 1365 upon completion of t h e  

f i n a l  engineer ing  t e s t s .  

(C) I n  cons ide ra t ion  of t h e  above f ind ings ,  and t h e  f a c t  

t h a t  most of t h e  SEXGEANT items were a l r e a d y  produced and i n  t h e  

hands of t h e  t roops ,  t h e  review board recommended cha t  t h e  neces- 

s a r y  waivers  of t h e  MC's be  granted  and t h a t  t h e  weapon system be 

r e c l a s s i f i e d  from LP t o  Standard A .  3 0 

(4 Extension of t h e  System LP C l a s s i f i c a t i o n  (U) 

@) I n  November 1962, OCRD had approved an  ex tens ion  of t h e  

LP c l a s s  i f  i c a t  ion f o r  one year ,  t o  h'ovc>&er 1963, and au tho r i zed  

procurement of t h e  fol lowing ltcms f o r  FY 1963: 180 XM-15 mis- 

s i l e s  ( l e s s  warhead), 48 XM-65 p r a c t i c e  warheads, and 168 m-91 
3 1 adapt ion  k i t s .  Because of t h e  a d m i n i s t r a t i v e  leadt ime requLred 

t o  process  a  t e c h n i c a l  committee a c t i o n  f o r  type c l a s s i f i c a t ? ' o n ,  

and t h e  f a c t  t h a t  t h e  LP c l a s s i f j c a t i o n  would exp i r e  i n  1tover:l~er 

3 1. 
1 s t  Ind,  CRD/IB 0205, OCRD t o  CC:, &1C, 1 5  Nov 62, on L i r ,  

CG, AFX, t o  CRD, IlA, n.d. ,  si lbj:  SCT G I i  Sys  - Extension of LP 
Clas.  Quotcd i n  M:CTC?I 647, 21 Mar 63. RSIC. 



1963, the  Commanding ~ e n e r a l  of AMC asked f o r ,  and received,  an 

extension of t h e  LP c l a s s i f i c a t i o n  through 31 December 1963 f o r  

FY 1964 procurement of 93 XM-15 miss i l e s  and 58 XM-65 p r a c t i c e  

warheads. 32 

(@ I n  making a judgment on t h e  proposed type c l a s s i f i c a t i o n  

ac t ion ,  a number of f a c t o r s  had t o  be considered. The LP c l a s s i -  

f i c a t i o n  of t h e  SERGEANT had been authorized i n  1958 and extended 

on a year-by-year b a s i s  through FY 1964 procurement which included 

t h e  l a s t  m i s s i l e  buy and e s s e n t i a l l y  completed Army stockage 

requirements. With t h e  l a t t e r  procurement q u a n t i t i e s ,  t h e  

SERGEANT would thus be "bought out" on an LP bas i s .  Moreover, 

a l l  of the  t a c t i c a l  equipment would be produced and a l l  Army 

u n i t s  deployed s h o r t l y  a f t e r  the  end of FY 1964. Despite  the  

inherent  r e l i a b i l i t y  de f i c i enc ies ,  t h e  troops assigned t o  the  

t a c t i c a l  u n i t s  i n  Germany indica ted  t h a t  they were we l l  pleased 

wi th  t h e  f i e l d  performance of t h e  weapon system. Wqh the  Phase 

I modificat ions funded i n  FY 1964 and budgeted i n  FY 1965, it was 

e s ~ i r n a t e d   hat the  54 percent  p r e f i i g h t  r e i i a b i l i t y  wouid be 

increased t o  61 percent  and the  69 percent  i n - f l i g h t  r e l i a b i l i t y  

would be improved t o  85 percent .  To br ing  the  system i n - f l i g h t  

r e l i a b i l i t y  up t o  the  required 95 percent ,  a major system rede- 
b 

s ign  e f f o r t  cos t ing  over $100 mi l l ion  would be requi red .  The 

dec i s ion  on the  proposed type c l a s s i f i c a t i o n  a c t i o n  hus boi led  

down t o  t h r e e  a l t e r n a t i v e s :  
6 

1. Type c l a s s i f y  t h e  system Standard A, waiving Lhose MCfs 
not  met, then r e v i s e  the  PC's i n  about 1 year a f t e r  evaluat ion  of 
the  proposed Phase I improvenent e f f o r t  i n  FY 1964-65. 

2. Extend LP a u t h o r i t y  f o r  FY 1964 buy; develop a major 
modificat ion program t o  m e t  the f u l l  1'1C's (probable c o s t  over 
$100 mi l l ion)  ; then rec.ons ides  type cl .assif ica ' i ion a f t e r  a c t i o n  
on t h a t  program. 

3 2 ~ t r ,  CC, AMC, t o  CRD, M ,  n .d . ,  subj:  6:L Sys (SGT) - 
Fur ther  P d ~ l  (FY 64) Under Extended 1 2  TCLAS; G 1 s t  Ind, OCRD t o  
CG, IFTIC, 5 Aug 63" Quoted in  i"L,ii;'i'Ci.I 1660, 16 J a n  6 4 .  RSTC o 



3.  Extend LP a u t h o r i t y  f o r  FY 1964 buy and recons ider  type  
c l a s s i f i c a t i o n  i n  about  1 year ,  a f t e r  eva lua t ion  of t h e  Phase I 
improvement e f f o r t  i n  FY 1964-65. a 

(a) The Commanding General  of AMC, wi th  t h e  concurrence of 

t h e  Combat Developments Command (CDC), concluded t h a t  t h e  M C l s  
should be l e f t  unchanged and t h e  program reviewed a t  t h e  end of 

another  year .  A t  t h a t  t ime, a de te rmina t ion  would be made on 

whether t o  proceed w i t h  t h e  major product improvement e f f o r t  t o  

meet t h e  s t a t e d  MC's, o r  t o  waive t h e  requirements  t o  t h e  l e v e l  

he ld  t o  be f e a s i b l e  w i t h i n  t h e  FY 1964-65 funding program. He 

t h e r e f o r e  recommended t h a t  t h e  LP a u t h o r i t y  be extended f o r  

l . y e a r ,  through December 1964, and t h a t  type  c l a s s i f i c a t i o n  be  

recons idered  a t  t h e  conclus ion  of t h a t  per iod  when m9re d e f i n i -  

t i v e  d a t a  would be  a v a i l a b l e  on t h e  Phase I improvement e f f o r t .  

The Army Chief of R&D concurred i n  t h e  recommended renewal of t h e  

LP c l a s s i f i c a t i o n ,  b u t  w i t h  t h e  understanding t h a t  such approval  

d i d  no t  i nc lude  procurement of m a t e r i e l  beyond t h a t  s p e c i f i c a l l y  

au tho r i zed  f o r  FY 1964. Author i ty  f o r  any a d d i t i o n a l  buys of 

equipment would have t o  be reques ted  on a case- for -case  b a s i s .  3 3 

(b) Product Improvement Program (U) 

(63 With t h e  b a s i c  SERGFAhT design accepted,  product ion  

almost  completed, and t h e  equ'ipixent a l r e a d y  i n  t h e  hands of t h e  

u s e r ,  engineer ing  e f f o r t  from l a t e  1963 on was confined t o  such 

r edes ign  a s  necessary  t o  improve r e l i a b i l i t y ,  reduce c o s t s ,  and 

inc rease  s a f e t y .  Primary a t t e n t i c n  was focused on engineer ing  

improvements and modi f ica t ions  i n  t h e  t a c t i c a l  m i s s i l e  and 

ground support  equipment t o  e l i m i n a t e  shortcomings noted i n  t he  

E / S  t e s t s  and t o  b r ing  t h c  system i n - f l i g h t  and pref l i .gh t  

re1 iab i . l  i.ty up Lo acceptable .  lcvcl:: . 
- 

3 3 ~ t r ,  CG, AYC, t o  CRD, OR, 6 i)ec 63, sub j :  SCT I-!sl Sys 
TCLAS; E. 1 s t  Ind t l ~ e r c t o ,  Ci'D t o  CG, ATX, 23 Dcc 63. Quored 
i n  IiPfCTCi4 2223 ,  9 J u l  64 .  R S J C t  



Phase I 

@) The low i n - f l i g h t  r e l i a b i l i t y  of 69 percent  ob ta ined  i n  

t h e  B/S t e s t s  was a t t r i b u t e d ,  i n  t h e  main, t o  h igh  f g i l u r e  r a t e s  

i n  t h e  m i s s i l e  power supply,  guidance platform, guidance computer, 

and c o n t r o l  assembly. During FY 1964-65, modi f ica t ion  k i t s  were 

developed t o  c o r r e c t  d e f i c i e n c i e s  i n  t h e s e  and o t h e r  m i s s i l e  

assembl ies .  These Phase I improvements (known a s  ESM 820) were 

expected t o  i n c r e a s e  t h e  i n - f l i g h t  r e l i a b i l i t y  t o  85  percent ,  

which t h e  u s e r  considered t o  be an  accep tab le  l e v e l .  Therefore,  

no major r edes ign  e f f o r t  was planned t o  achieve  t h e  f u l l  95 

pe rcen t  r e l i a b i l i t y  c a l l e d  f o r  i n  t h e  MC'S. 

(4) The achievement of t h e  r equ i r ed  95 percent  p r e f l i g h t  

r e l i a b i l i t y  e n t a i l e d  a much broader  engineering e f f o r t  than  t h a t  

planned i n  t h e  1964-65 Phase I program. The l a t t e r  e f f o r t  con- 

s i s t e d  of a s e r i e s  of modi f ica t ions  (known a s  ESM 469) i n  t h e  

f i r i n g  s e t  counter ,  computer memory, ground and guidance sensors ,  

and power d i s t r i b u t i o n ;  bu t  t h e s e  changcs were not  expected t o  

improve t h e  p r e f l i g h t  r e l i a b i l i t y  beyond 6 1  percent .  Recognizing 

t h a t  t h i s  would not  be accep tab le  t o  t h e  u s e r ,  t h e  SERGEANT . P r o j e c t  Manager, i n  September 1962, had initiated f e a s i b i l i t y  

s t u d i e s  of a new concept  i n  automatic  countdown a n d g o n i t o r i n g ,  

known as t h e  Cen t r a l  Control  Computcr System (CCCS). These 

s t u d i e s  were conducted along w i t h  t h e  Phase I ESN 469 modifica- 

t i o n s  through FY 1964 a t  a c o s t  of $2,724,000. They culminated 

i n  a h ighly  succes s fu l  m i l i t a r y  p o t e n t i a l  demonstrat ion on 24 

June  1364; however, a formal develcpnent  proposal  f o r  t h e  Phase 

I1 g;:ound e l e c t r o n i c s  e q u i p x m t  was held i n  abeyC~nce  pcncling an 

eva lua t ion  of t h e  p r e f l i g h t  rel-iabif.it:l- 3.!~pi-ovei:lcnts resul t in: ;  

from t h e  ESEi Ct69 modif i c a t i u n s  . 3 it 



. . 

(43 While work continued on so lu t ions  t o  t h e  o ld  problems 

associa ted  wi th  system r e l i a b i l i t y ,  a  new problem arose  wi th  

r e spec t  t o  t h e  SERGEANT'S v u l n e r a b i l i t y  t o  e l e c t r o n i c  counter- 

measures. A t  t he  time of i ts o r i g i n a l  design, the  SERGEANT had 

been considered immune t o  countermeasures because of  i t s  i n e r t i a l  

guidance system, high speed, and shor t  time of f l i g h t .  By mid- 

1963, however, soph i s t i ca ted  a i r  defense systems had been 

developed t h a t  were capable of in te rcep t ing  it. The#IKE 

HERCULES had boasted a record of t h r e e  successful  in te rcep t ions  

ou t  of four at tempts.  Moreover, a prel iminary study of Russian 

a n t i m i s s i l e  systems revealed the  SEP,GEANT t o  be vulnerable  i n  

a l l  cases.  As a r e s u l t ,  t h e  p ro jec t  manager i n i t i a t e d  the  

SERGEANT Penet ra t ion  Aids (Pen-Aids) program e a r l y  i n  FY 1964, 

wi th  the  goal  of developing a cou~ter -countermeasure  (CCM) 

c a p a b i l i t y  of a t  l e a s t  98 percent  .35 An extens ive  inves t iga t ion  

of a l l  known Pen-Aids l e d  t o  the  selection of a  ground-launched 

decoy and an a i rborne  barrage j2mrr.x a s  t h e  optimum CCM system 

f o r  t h e  S L K G W T .  Tne remaining porcion or' i iw  p rogra l  erliaiiecl 

a  four-phase e f f o r t  designed both t echn ica l ly  and economically 

t o  take  advantage of r e l a t e d  Army-wide e f f o r t s  i n  t h i s  f i e l d .  
3 6 

(&) Toward t h e  end of the  pldnncd 1964-65 product improve- 

ment program, i t  became apparent thak a f i rm e v a l u a w n  of the  

predic ted  increase  i n  system r e l i a b i l i t y  could not  be made i n  

time t o  meet the  December 1964 t a r g e t  d a t e  f o r  type c l a s s i f i c a -  

t i o n  of t h e  weapon system. Tl-ze C~rrmxmcling General of APiC 

the re fo re  asked fo r ,  and received, two more extensions of the  

LP c l a s s i f i c a t i o n .  I n  October 196&, (CI'J) approvcd an extcnsi.cn 

of LP authorit-y from 1 ) e c e ~ i b ~ r  1964 t o  30 June 1.965; and t h i s  was 

followed, i n  February 1965, by arjocher extension t o  30 Noverllbcr 

35(1) SC,T TC42P, 7 Apr 6 4  ( 2 )  SGT Prc,i O i c  tlist Rept, FY 
1964, pp. 6-7. (3) MICC>! i ~ n l  Mist Suli,, FY Lgt14, p. 94. 

3 6 
SGT Proj Ofc His t  Kcpt ,  FY 1965, pp. ?-8. 



1965. The purpose of t h e  l a t t e r  de lay  w a s  t o  a l low nyre  t ime t o  

complete t h e  Phase I modif ica t ions  and t o  s u b s t a n t i a t e  t h e  in-  

c r e a s e  i n  r e l i a b i l i t y  der ived  therefrom. A t  t h a t  time, AMC w a s  

s e r i o u s l y  cons ider ing  a  formal development program f o r  t h e  

Phase I1 ground e l e c t r o n i c s  system, b u t  f e l t  t h a t  more d e f i n i -  

t i v e  d a t a  on t h e  ESM 469 modi f ica t ions  should be i n  hand be fo re  

making a f i n a l  dec i s ion .  3  7 

6) I n  t h e  s p r i n g  of 1965, Phase I ESM 469 changes were 

app l i ed  t o  a l a t e  product ion model f i r i n g  s e t  and t e s t e d  a t  t h e  

f a c t o r y  by t h e  Army T e s t  & Evalua t ion  Command (TECOM) . A t e s t  

conducted under i d e a l  cond i t i ons  ind ica t ed  a  p r e f l i g h t  r e l i a b i l -  

i t y  of 8 1  pe rcen t ;  however, under normal f i e l d  cond i t i ons ,  t h e  

p red ic t ed  system p r e f l i g h t  r e l i a b i l i t y  would be about  65 pe rcen t .  

S ince  t h e  i n s t a l l a t i o n  of ESM 469 modi f ica t ions  i n  f i e l d e d  

equipment was no t  scheduled t o  begin u n t i l  August 1965, t roop  

usage d a t a  on i t s  performance was n o t  y e t  a v a i l a b l e .  But t h e  

r e s u l t s  of t h e  f a c t o r y  t e s t  c l e a r l y  confirmed t h e  p r e d i c t i o n  

t h a t  t h e  f i r i n g  s e t  w i t h  t h e  ESM 469 improvements would never  

r each  t h e  r equ i r ed  95 pe rcen t  p r e f l i g h t  r e l i a b i l i t y .  38 

Phase I1 

(a I n  J u l y  1965,. t h e  Sec re t a ry  of t h e  Army approved and 

submit ted t o  DOD a  Program Change Proposal  (PCP) c a l l i n g  f o r  t h e  

development and procurement of t h e  improved Phase I1 ground 

equipment us ing  advanced minia tur ized ,  s o l i d  s t a t e  e l e c t r o n i c s .  

The proposed ground suppor t  e l e c t r o n i c s  equipment wou1.d provide  

a  p r e f l i g h t  r e l i a b i l i t y  of b e t t e r  than  90 percent  and a  thorough 

--- 
37(1) L f r ,  CPJ), A ,  t o  CG, n\iC, 18 Sep 64, subj :  TCUS of 

SGT, w / l s t  Lnd, CG,  ANC, t o  CP3, 1.4 Oct 64. (2) L t r ,  CG, MiC, 
t o  CIZD, DA; 10 Feb 65, s u l ~ j :  TCJ2A-S of t h e  S', I' T4sl Sys, w / l s t  
Ind, CRD t o  CG: ANC, 17 Feb 65. A3.1 quored i n  AMCTCM 3484, 
22 J u l  65. RSICo 

38(1.) Ch 5, SGT PN1P, 30 J u n  65. (2)  SST P ro j  Ofc H i s t  
Rept, FY 1965, p. 6.  1 I i s"Liv  Fi1.e. 



s e l f - t e s t  and f a u l t  i s o l a t i o n  c a p a b i l i t y ,  a s  w e l l  a s  an improved 

system mob i l i t y  by e l imina t ing  seven s e m i t r a i l e r  vans and seven 

t r u c k  t r a c t o r s  from t h e  t a c t i c a l  u n i t s .  It would c o n s i s t  of t h e  

e x i s t i n g  launching s t a t i o n  w i t h  new f i r i n g  s e t  (FS) e l e c t r o n i c s  

and a  new Maintenance T e s t  S t a t i o n  (NTS) which would perform ' a l l  

f unc t ions  of t h e  e x i s t i n g  OWS and ET.TIIS. The two end items would 

be  computer o r i e n t e d  and use  i d e n t i c a l  d i g i t a l  computers w i t h  

p e r i p h e r a l  equipment a s  necessary  t o  c a r r y  o u t  t h e i r  r e s p e c t i v e  

missions.  They would use  low-cost,  throw-away components and 

e l i m i n a t e  p i ece  p a r t  r e p a i r  i n  t h e  f i e l d ,  thereby  reducing t h e  

number of r e p a i r  p a r t  l i n e  i tems by a s  much a s  75 percent .  The 

RDTE c o s t  of  t h e  proposed Phase I1 program was es t imated  a t  

$13.3 m i l l i o n  f o r  t h e  FY 1966-69 per iod .  3  9 

(6) Deputy Sec re t a ry  of Defense Cyrus Vance approved t h e  

SERGEANT PCP i n  September 1965, s u b j e c t  t o  c e r t a i n  r e s t r i c t i o n s .  

He au tho r i zed  t h e  Army t o  reprogram $2.5 m i l l i o n  from a v a i l a b l e  

RDTE money and proceed w i t h  t h e  FY 1966 progran. The commitment 

of FY 1967 funds, however, would depend upon a  review of t h e  

progress  made on t h e  Phase 11 SERGEANT and t h e  s t a t u s  of f e a s i -  

b i l i t y  s t u d i e s  on t h e  Extended Range LANCE (xRL) which was being 

considered a s  a  p o s s i b l e  replacement f o r  t h e  SERGEANT a s  t h e  
40 

Corps support  weapon. The p r o j e c t  manager r ece ived  $2.5 

m i l l i o n  i n  RDTE funds dur ing  November 1965 and awarded SUCO a 

c o n t r a c t  f o r  t h e  des ign  and f a b r i c a t i o n  of one engineer ing  modcl 

each of t h e  two major end items ( t h e  FS and M E ) .  
4 1 

(C) The Pllase 11 program successfully passed t h e  Design 

C h a r a c t e r i s t i c s  Review i n  Septc.c?ber 1366, and $2.25 mil.lion i n  

-- 
391.ieno For :  The SECUEF, f r  S t an ley  R .  Resor, SA, 15  Jul. 65, 

sub j :  PCP: SGT Imprv, w/incL, PCP 1'1-5-942. SGT Cmdty Ofc F i l e .  
40 

Program Ch - SECDEF I)ecision/Gaidance, Ch #A-5-042, 21 
Sep 65. SGT Cmdt-y Ofc Fi.1 e .  

4.1 
SGT P r o j  Ofc Hist Kept, FY 1360, p. 8. l l i s f  Div F i l e .  



FY 1967 'RDTE funds was provided t o  continue t h e  program through 

t h e  f i s c a l  year on a minimum sus ta in ing  basis.42 By May 1967, 

t h e  engineering models of t h e  FS and MTS had been completed 

and system t e s t s  conducted i n  conjunction wi th  TECOM and CDC. 

The r e s u l t s  of these  tests indicated  a high p robab i l i ty  of 

meeting t h e  ob jec t ives  of t h e  program. Ind ica t ive  of t h i s  was 

t h e  achievement of a 94 percent  p r e f l i g h t  r e l i a b i l i t y  during 

t h e  f i r s t  6 months of development t e s t s .  Nevertheless,  t h e  

Amy Vice Chief of S t a f f ,  on 27 June 1967, advised AMC t h a t  no 

funds were programmed f o r  continuing t h e  Phase I1 e f f o r t  i n  

FY 1968. The program was thus terminated with FY 1967 funds 

a f t e r  a t o t a l  RDTE expenditure of $7,693,000. This investment 

included $2,724,000 f o r  f e a s i b i l i t y  s t u d i e s  i n  FY 1963-64; 

$184,000 f o r  f u r t h e r  s t u d i e s  and prepara t ion of t h e  PCP i n  FY 

1965; and $4,785,000 f o r  t h e  design, development, f a s r i c a t i o n ,  

and t e s t  of engineering model hardware i n  FY 1966-67. 43 

t 
(U) F i e l d  Mod i f  i c a t  ion Program 

(U) Meanwhile, t h e  SERGEANT Pro jec t  Manager proceeded wi th  

t h e  updating of f i e l d e d  equipment and r e p a i r  p a r t s  a s  Department 

of t h e  Army Modificat ion Work Orders (DAMWO1s) became a v a i l a b l e  

from t h e  Phase I improvement program. To overcome t h e  inherent  

problems involved i n  t h e  i n s  t a l l a t  ion of many d i f f e r e n t  modif i- 

ca t ions  re leased a t  varying i n t e r v a l s ,  two types of teams were 

used t o  assist t h e  f i e l d  i n  t h e  modificat ion e f f o r t :  SCAMP 

(SERGEANT Contractor  A s s  i s  ted  Modification Program) teams 

42(1) SGT Proj  Ofc H i s t  Repk, FY 1967, p. 11. H i s t  Div 
~ i i e . ,  (2) SS AMCPM-SEM-8-67, 29 May 67, subj  : SGT Ph I1 Imprv 
Program. SGT Cmdty Ofc F i l e .  

43(1) Ib id .  (2) MICOM Rept, SGT Wpn Sys Smanl Program 
Review, 28 Feb 69, p. 39. RSIC. (3) Cost & Tech In fo  Rept 
(COSTECH) - SGT Wpn Sys, C&DP, MICOM, Feb 1969, pp. 39-40. 
H i s t  Div F i l e .  
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comprised of  SUCO (UNIVAC ) t e chn ic i ans  wi th  a m i l i t a r y  team 

l e a d e r ;  and SMAP (SERGEANT Modif ica t ion  Ass is tance  Program) teams 

comprised of  depot and/or  c o n t r a c t o r  personnel .  From November 

1963 t o  September 1968, t h r e e  SCAMP and two SMAP teams a s s i s t e d  

t h e  f i e l d  i n  i n s t a l l i n g  99 modi f ica t ions  i n  t h e  m i s s i l e  and - 
ground equipment. The t ime r equ i r ed  t o  i n s t a l l  one modi f ica t ion  

i n  a major i tem ranged from l e s s  than  1 hour t o  more than 1,000 

hours.  

(U) Of t h e  99 modi f ica t ions ,  86 were concerned w i t h  changes 

i n  ground suppor t  equipment (GSE) t o  overcome d e f i c i e n c i e s  noted 

i n  t h e  E/S  t e s t s  and t o  i nc rease  t h e  system p r e f l i g h t  r e l i a b i l i t y .  

The eight-man SCAMP I team i n s t a l l e d  48 e l e c t r o n i c  modi f ica t ions  

t o  GSE and r e p a i r  p a r t s  dur ing  t h e  per iod  November 1963 t o  J u l y  

1964. The S C W  I1 team of e i g h t  men app l i ed  29 mechanical 

modi f ica t ions  t o  GSE during t h e  f i r s t  8 months of 1964. The 

SCMP I11 team, comprised of 27 personnel ,  then  i n s t a l l e d  n ine  

ESM 469 modi f ica t ions  t o  t h e  f i r i n g  s e t  and r e l a t e d  equipment 

Letwee11 iiugusi: 1365 a-d Gctobei. 1356. 

(U) The remaining 1 3  D"&EJO'S involved changes i n  t h e  m i s s i l e  

t o  i nc rease  i t s  i n - f l i g h t  r e l i a b i l i t y  and i n  t h e  t a c t i c a l  s t o r a g e  

con ta ine r s  and t r a i n e r s .  The 16-man SYAP I team a s s i s t e d  f i e l d  

u n i t s  i n  i n s t a l l i n g  seven modi f ica t ions  t o  s t o r a g e  con ta ine r s  and 

t r a i n e r s  i n  1964-65, and t h e  11-man SMAP I1 team a s s i s t e d  i n  t h e  

i n s t a l l a t i o n  of s i x  ESP1 820 modif icat- ions t o  t h e  m i s s i l e  and 

c o n t a i n e r  i n  1966-68. 4 5 

440n 15  August 1967, t h e  S p e r r y  Utah Company was involved i n  
a reorganizaL ion  v i  i h in  t h e  Fperry Kn ,-td Corporrl t ion.  The SUCO 
p l a n t  a t  S a l t  Lake C i ty ,  Utah, becn~w p a r t  of t h e  m1TVXC E ' d e r n l  
S y s t e m  Div i s ion  w i t h  headquar te rs  i u  S t .  Paul ,  Minnesota. The 
UNIBAC S a l t  Lake C i t y  plant. w s  engaged i n  t h e  des ign  d;ld m {nu- 
f a c t u r e  of a wide range of e l e c t r u n i c  computer systems and r e -  
l a t e d  equipment. It cont inucd t o  support  t h e  SE1:CEAK;T system 
a s  t h e  prime c o n t r a c t o r .  SG'I P ro j  Ofc  i l is t  Rcpt, FY 1968, p. 2.  
K i s t  Div F i l e .  

4 5 ~ ~ ~  Pl\IzP, C11 2 ,  30 JJ:I 66, p. 6 .  H i s t  Iliv F i l e .  



(U) Early i n  the  f i e l d  modification program, the  SERGEANT 

Project  Manager s e t  up a data  co l lec t ion  system t o  provide the  

information necessary f o r  a r e a l i s t i c  assessment of the  demon- 

s t r a t e d  f i e l d  performance of the  weapon system. To supplement 

the  information obtained from confirmatory t e s t s  of Phase I 

modifications conducted by TECOM and from the ASP f i r i ngs ,  he 

es tabl ished a spec ia l  overseas data  co l lec t ion  program known 

a s  SERD (SERGEANT Effectiveness Re l i ab i l i t y  Data). The l a t t e r  

was f i r s t  s e t  up on a 4-month t r i a l  basis  a t  For t  S i l l ,  

Oklahoma, i n  August 1963. It was extended t o  overseas un i t s  

i n  December 1964, when three contractor r e l i a b i l i t y  engineers 

were dispatched t o  th ree  U. S. un i t s  deployed i n  I t a l y ,  Germany, 

and Korea, t o  c o l l e c t  and report  r e l i a b i l i t y ,  maintainabil i ty,  

and l o g i s t i c s  data  from da i ly  operations of the  ba t ta l ions .  

Following the  i n s t a l l a t i o n  of ESM 469 modifications i n  October 

1965, the  project  manager reassigned the  data  co l lec tors  i n  

I t a l y  and Korea t o  the  un i t s  modified f i r s t ,  i n  order t o  ge t  

ea r ly  data  on the e f f ec t s  of the  Phase I improvements. In  

November 1966, one data  co l lec tor  was sent  back t o  I t a l y  t o  

ge t  information on a d i f f e r en t  l o g i s t i c  environment, s ince the  

GSU there  was under ju r i sd ic t ion  of the  un i t  i t s e l f .  In  March 

1968, the  SERD program i n  Korea was react ivated f o r  a 6-month 

t r i a l  period, and was l a t e r  extended f o r  another 6 months. 

(U) Early i n  1968, the  project  manager decided t o  replace 

the three  contractor  da ta  co l lec tors  i n  the  f i e l d  with Missi le  

Maintenance Technicians (MKC's). This not only reduced the  cos t  

of the  data  co l lec t ion  program, but increased the  quanti ty of 

data  col lected a s  well.  The contractor  data  co l lec tors  were 

only able  t o  monitor a sample of the  un i t s ,  whereas the  MMT's 

would provide data  on a l l  un i t s  i n  the  f i e l d .  Moreover, the 

W ' s  were i n  a b e t t e r  posi t ion t o  report  on operator e r ror  

problems with emphasis on means toward reduction. They dea l t  

d i r e c t l y  with the  operating personnel and could iden t i fy  the  
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exac t  causes o f  o p e r a t o r  e r r o r s .  46 

(d) Type C l a s s i f i c a t i o n  of t h e  Weapon System (U) 

' 

(d) The t ime r equ i r ed  t o  complete t h e  Phase I modif ica t ions  

and e v a l u a t e  t h e i r  e f f e c t  on t h e  system i n - f l i g h t  and p r e f l i g h t  

r e l i a b i l i t y  l e d  t o  two more ex tens ions  of t h e  LP c l a s s i f i c a t i o n .  

The f i r s t  came on 1 5  November 1965, s h o r t l y  a f t e r  t h e  SCAMP I11 

team began t h e  i n s t a l l a t i o n  of ESM 469 m o d i f i c a t i o n ~ t o  t h e  

f i r i n g  s e t .  A t  t h a t  t ime, OCRD r e l u c t a n t l y  agreed t o  extend 

t h e  LP c l a s s i f i c a t i o n  from November 1965 t o  30 June  1966, and 

ind ica t ed  t h a t  no f u r t h e r  ex tens ion  was contemplated. 47 1n  

J u n e  1966, however, t h e  weapon system s t i l l  was n o t  considered 

ready f o r  c l a s s i f i c a t i o n  a s  Standard A. S ince  adequate  t e s t  

d a t a  on Phase I modif ica t ions  were n o t  y e t  a v a i l a b l e  and E/S  

t e s t s  of t h e  improved Phase I1 ground equipment were no t  

scheduled f o r  completion u n t i l  t h e  t h i r d  q u a r t e r  of FY 1968, 

AMC asked f o r  an ex tens ion  of t h e  LP c l . a s s i f i c a t i o n  through t h e  

f i r s t  q u a r t e r  of FY 1969 (30 September 1968). I n  view of t h e  

widespread i n t e r e s t  i n  t h e  Phase I1 equipment a s  t h e  only means 

of achiev ing  t h e  r equ i r ed  95 percent  p r e f l i g h t  r e l i a b i l i t y ,  

OCRD approved t h e  ex tens ion ,  bu t  only through 30 June  1968. 
48 

(U) On 8 November 1967, f o l l o ~ i n g  t h e  t e rmina t ion  of t h e  

Phase I1 improvement program, r e p r e s e n t a t i v e s  of a l l  i n t e r e s t e d  

agencies  a t t ended  a s p e c i a l  1u-Process Review ( I P T \ ) ~ ~ ~  M1COI.L fo r  

t h e  purpose of surveying t h e  system requirements  and demonstrated 

4 6 ~ 1 1 ~ ~ i 4  Rept, SGI Upn Sys Sn-:ad Progrnnl Xevicw, 28 Ecb 69, 

471s t  Ind,  CilD, A ,  t o  CG, i W C ,  1.5 Nov 65, on Ltz ,  CG, h\X, 
t o  CRD, 25 Oct 65, sub j :  Extension of t h e  LP TCLAS of t h e  SGT 
GM Sys. Quoted i n  AMCTC?? 4170, 24 Feb 66. RSIC. 

48Ltr,  CG, ME, t o  CKD, CA, 29 Jun  66, s u h j :  TCLkS, SGT 
M s l  Sys, ~ , / l s i ,  I n d ,  C.W, t o  CG, AIIC, 11 J u l  66. (Cu9tt.d i n  
ANCTCPI 5250, 20 kpr 6 7 .  RSTC. 



performance character  is  t i c s  a s  a bas is  f o r  type c l a s s  i f  i c a t  ion 

ac t ion .  Aside from LTC A. G. Lange, Jr., who served a s  chairman 
9 

and presented t h e  es tab l i shed  AMC pos i t ion ,  t h e  p r i n c i p a l  repre-  

sen ta t ives  a t  the  IPR were: LTC W .  E. P h i l l i p s ,  OCW,  DA; LTC 

F. M. Gaffke, CDC Headquarters; M r .  J. M. Vast ine,  Deputy Chief 

of S t a f f  f o r  Personnel, Off ice  of Personnel Operations (DCSPER- 

OPO); and M r .  H. S. Wann, CONARC Headquarters. 

(Q9 A review of t h e  system performance c h a r a c t e r i s t i c s  

showed t h a t  t h e  SERGEANT had f a i l e d  t o  achieve 14 of the  46 

M C ' s ,  but  t h e  only two t h a t  would degrade t h e  t a c t i c a l  mission 

of t h e  system were p r e f l i g h t  and i n - f l i g h t  r e l i a b i l i t y .  The 

combined r e s u l t s  of some 40 support ing t e s t s  of Phase I improve- 

ments conducted by TECOM, previous ASP f i r i n g s ,  and information 

obtained from t h e  SERD program, indicated  t h e  system performance 

c h a r a c t e r i s t i c s  i n  these  two areas  t o  be a s  follows: 

P r e f l i g h t  (countdown o r  f ire-on-time) R e l i a b i l i t y :  
Demonstrated 70 percent;  Required 95 percent .  

Miss i l e  In-Flight  R e l i a b i l i t y :  Demonstrated 77 percent  
(ASP'S only, 80 percent) ;  Required 95 percent .  

The discuss ion of these  aspec t s  of weapon system performance 

r e s u l t e d  i n  sharply divided pos i t ions  a s  t o  t h e  a c c e p t a b i l i t y  

of t h e  SERGEANT a s  Standard A. 

(I) Since t h e  termination of t h e  Phase I1 improvement program 

precluded any f u r t h e r  improvement.in p r e f l i g h t  r e l i a b i l i t y  and an 

increase  i n  i n - f l i g h t  r e l i a b i l i t y  would requ i re  a major redesign 

e f f o r t  f o r  which funds w e r e  not  ava i l ab le ,  AMC took t h e  pos i t ion  

t h a t  a devia t ion from those M C ' s  not  f u l l y  achieved should be 

granted t o  t h e  l e v e l  demonstrated and t h e  weapon system type 

c l a s s i f i e d  a s  Standard A. The CDC represen ta t ive  non-concurred 

i n  t h i s  p o s i t i o n  on the  grounds t h a t  t h e  demonstrated l e v e l  of 

performance was not  s a t i s f a c t o r y  and would have t o  be improved 

in order f o r  t h e  SERGEANT t o  accomplish i t s  assigned mission. 



H e  the re fo re  recommended t h a t  the  LP c l a s s i f i c a t i o n  be continued 

and t h a t  t h e  Pha'se I1 improvement program be r e i n s t q t e d  a s  a means 

of r a i s i n g  t h e  system' s m i s s  ion r e l i a b i l i t y  from the  demonstrated 

l e v e l  of approximately 55 percent  t o  an acceptable l e v e l  of a t  

l e a s t  80 percent.49 He pointed out  t h a t  the  r e s u l t s  of the  CDC 

study,  "Optimum Mix of A r t i l l e r y  Units ,  1971-1975," indica ted  

t h a t  t h e  SERGEANT weapon system would be requi red  t o  remain i n  

the  f i e l d  u n t i l  a t  l e a s t  1975, and t h a t  t h e  uncer ta in  s t a t u s  of 

t h e  XRL development program f u r t h e r  supported t h e  necess i ty  f o r  

improving t h e  SERGEANT'S mission r e l i a b i l i t y .  The rep resen ta t ives  

of both CONARC and DCSPER agreed wi th  t h e  CDC pos i t ion ,  pr imar i ly  

i n  support of the  re ins ta tement  and cont inuat ion  of t h e  Phase I1 

program t o  f i e l d  t h e  redesigned ground support equipment. 50 

(U) I n  view of the  c o n f l i c t i n g  pos i t ions  and the  f a c t  t h a t  

the  LP a u t h o r i t y  would exp i re  on 30 June 1968, ANC r e f e r r e d  the  

matter  t o  the  Army Chief of R&D f o r  r e s ~ l u t i o n . ~ '  The Direc tor  

of Doctr ine & Systems, Off ice  of the  Ass i s t an t  Chief of S t a f f  * 
f o r  Force Development (OACSFOR), on 26 Apr i l  1368, ru led  t h a t  

Standard A was t h e  most appropr ia t e  c l a s s i f i c a t i o n  category f o r  

the  SERGEANT weapon system and requested t h e  submission of a 

r e c l a s s i f i c a t i o n  proposal i n  accordance with AR 700-20. AMC 

submitted the  proposed t echn ica l  committee a c t i o n  on 7 Junc 1968, 

and ACSPOIC formally approved t h e  r ccZass i f i ca t ion  of t h e  SERGEQT 

49 (I) CDC defined "miss ion re!.iabilityl '  a s  the  p i - o d ~ ~ c t  of 
the  p r e f l i g h t  and i n - f l i g h t  r e l i n b i l i t i e s ,  excl.uding human 
erroi-s. AMC argued t h a t  t h e  80 percent  mission r e l i a b i l i t y  
requireme.nt, whj.ch t h e  user s t a t e d  f o r  t h e  f i r s t  time a t  ti1i.s 
IPR, could not be achieved unl.css p r e f l i g h t  r e l  i . a b i l i t y  v7erc 
r a i s e d  above t h e  90 percen.t 1evc::L zn.d i n - f l i g h t  r e l i a b i l i t y  t o  
85 pesccnL o r  b e t t e r .  

5 0 ~ f i n s  of SCT Sg IPR or, TCIAS, d td  28 Nov 67, atchd t o  L t r ,  
SGT PM t o  CG,  LGIC, -. e t  --." a1 3 15 Dec 67, subj  : SGT Sp IPK on TCLAS o 

SGT Cndty Ofc F i l c .  
5 1 

L t r ,  ECG, A X ,  t o  CRD, !?A, '1.2 Tkc 67, subj:.Elins of t h e  Sp 
SGT LPR on TCLAS I Alrc.hd a s  App t o  I':'r.;!;'iC1.1 6331., 5 Sep 68. R S I C .  



weapon system from LP t o  Standard A on 27 June 1968. 52 

(P) The SERGEANT equipment. a f fec ted  by t h e  r e c l a s s i f i c a t i o n  

ac t ion  included a l l  elements of t h e  t a c t i c a l  weapon system except 

t h e  primary and secondary warhead sec t ions  and r e l a t e d  equipment, 

which had been type c l a s s i f i e d  by separa te  ac t ions .  The follow- 

ing nuclear  warhead items had been c l a s s i f i e d  a s  Standard A i n  

February 1964: 53 a ,  

Warhead Sections,  Atomic: M62 & M63 
Warhead Sections,  Atomic, Training: MI38 and M64 
Warhead Sect ion,  Atomic, Pract ice :  M65 
Adaption K i t ,  Atomic Warhead t o  Guided Missi le:  M91 
Adapt ion K i t ,  Atomic Warhead t o  Guided Missile, Training: MI16 

The M210 (E24) b io log ica l  warhead and M212 (E21) chemical warhead 

sec t ions  had been c l a s s i f i e d  as .S tandard  A i n  September 1964 and 

December 1964, respect ively;54 however, they were never approved 
5 5 

f o r  production. The major i t e m s  of s tandard SERGEANT equipment 

a r e  l i s t e d  i n  Table 6. 

' (8) A t  t h e  time of the  r e c l a s s i f i c a t i o n  a c t i o h  i n  June 1968, 

t h e  SERGEANT m e t  32 of i t s  46 M C 1 s  and waivers were granted on the  

remaining 14. The system p r e f l i g h t  and i n - f l i g h t  r e l i a b i l i t i e s  

had changed s l i g h t l y  s ince  t h e  November 1967 IPR, t h e  former 

increas ing from 70 t o  72 percent  and t h e  l a t t e r  dropping from 77 
56 t o  76 percent .  Other devia t ions  from the  M C 1 s  a r e  l i s t e d  i n  

Table 7. 

5 2 ~ t r ,  OACSFOR t o  CG, AMC, 26 Apr 68, subj  : SGT TCLAS, w/ 
1st Ind, CG, AMC, t o  ACSFOR, 7 Jun 68, and 2d Ind, ACSFOR t o  CG, 
AMC, 27 Jun 68. Atchd a s  Apps t o  AMCTCM 6331, 5 Sep 68. RSIC. 

5 3 A M C ~ ~ ~  1811, 18 Feb 64. RSIC. 

5 4 A M ~ ~ ~ ~ ' s  2630, 30 Sep 64, and 2874, 29 D e c  64. RSIC. 

5 5 A M C ~ ~ ~  6331, 5 Sep 68. RSIC. . 



Table 6 
(U) LIST OF STANDARD SERGEANT EQUIPMENT 

Item 
N r  Nomenclature 

1. Guided 1 l i s s i l e ,  Sur iace  Attack: MGM-29A (Without Warheads), 
Cons i s  t ing  of :  

Body Sec t ion ,  GM: AN/DJ/J-8, w/shipping con ta ine r .  
Cont ro l  Surface Assembly, G1I: M94 (XM94), wlshp case .  
Rocket Motor: M l O O  (XM100) , w/shipping con ta ine r .  

2. Tra in ing  S e t ,  GM System: M70 (XM68E2) . 
3 .  Launching S t a t i o n ,  GM, Semi t r a i l e r  Mounted: 4 - m e e l ,  M504 

(XI4504 Se r i e s )  , w l ~ q u i ~ m e n t .  

. 4. Tes t  S t a t i o n ,  GM System Components, Organiza t iona l  Mainten- 
ance: ANIMSM 35.  

5 .  Tes t  S t a t i o n ,  GM System Components, F i e l d  Maintenance: 
ANIMSM 36.  

6.  Shop Equipment, GM System F i e l d  Maintenance: ANIMSM 81. 

7. Tes t  S e t ,  GM System Tes t  Equipment: ANIMSM 82. 

8 .  Tes t  S e t ,  GM System Tes t  Equipment: ANIMSM 83.  

9 .  Shop Equipment, GI1 System Organiza t iona l  Maintenar ,~ e :  
M3 (DJ.3). 

10. Shop Equipment, GM System F i e l d  Maintenance: 114 (XM4) . 
11. Shop Equipment, GM System F i e l d  Maintenance: 1.15 (XM5). 

12. Shop Equipment, GM System F i e l d  Maintenance: M7 (XM7). 

13.  S e m i t r a i l e r ,  Low Bed: 6- ton ,  4-1qhec1, M527A2 (XM527El). 

14. Malfunction S e t t e r ,  GI1 F i r i n g  Set :  1IX 6 3 6 7 1 ~ ~ ~ .  - 
15. Malfunct ion S e t t e r ,  GI4 Tes t  S t a t i o n :  MX ~ ~ G ~ / T s Q .  

16. Shop Equipment, GI1 Sys ten ,  F i e l d  l iaintenance: AN/GS:I-116. 

17. Generator  S e t ,  Gas Turbine Engine, T r a i l e r  Mounted: 30fl?, 
AC, 1201208 V ,  3 phase,  400 c y c l e ,  M673 (Xb1673) (SGT). 

18 .  Generator Set:, Gas T ~ ~ r b i n e  Cng inc ,  T r a i l e l  IJounted: 45KTJ, 
A C ,  1201238 V, 3 p h a s ~ ,  403 c y c l e ,  11666 (Z1666) (ST) . .- ---- 

SOURCE: AFlCTCM 6331, 5 Scpte~xber 19G8. BSIC. 



Table 7.  (9 SERGEANT SHORTCOMINGS I N  MEETING M C ' s  (U) 

MC Requirements L 

Chassis: Use Standard Type. 

Miss i l e  Assembly: 1 manhour. 

Power Supply: Standard family of Army 
generators.  

Cyclic Rate: 2 miss i l e s  per  hour per  launcher 

Environmental Design: S a t i s f a c t o r y  opera t ion 
and s to rage  under bas ic  and cold  condi t ions  
(Sect ion 11, AR 705-15). 

Checkout and Tes t  Equipment 

General - Ent i re  Miss i l e  System: Design t o  
f a c i l i t a t e  assembly checkout. 

Miss i l e  Tes t  Equipment - Service  Area 

Rapid Functional  Test :  2 manhours. 

Non-Func t ion ing Major Components : Immediate 
ind ica t ion  (100%) . 

Defective Subassembly: Rapid I s o l a t i o n  (100%). 
Maintenance Package 

Rapid Test ,  Easy Repair: Minimum Time. 

Tes t  of Components & Major Assemblies: 
W i l l  r evea l  c i r c u i t  d iscrepancies ;  
f a u l t  i s o l a t i o n .  

Tes t  of Components & Major Assemblies a f t e r  
Repair & Replacement of Pa r t s :  Insure  
adequacy f o r  r e i s sue .  . - 

SOURCE: AMCTCM 6331, 5 Sep 68. RSIC. 

Achievement 

Non-standard launching s t a t i o n  chass i s  funct ions  
properly.  

6 men 13-15 minutes (1.3 - 1 . 5  manhours). 

Non-standard M666 and M673 generator  s e t s  meet 
system requirements. 

2 m i s s  i l e s /99  minutes. 

Limited. System w i l l  opera te  i n  cold  weather 
wi th  new hydraul ic  f l u i d .  Increased opera t  ion 
time w i l l  be required .  

Limited. F i r i n g  S e t  not  completely checked ou t .  
On countdown, d i f f e r e n t i a t i o n  between FS and 
m i s s i l e  malfunction l imi ted .  

3 men 50-54 minutes (2.5 - 2.7 manhours). 

OMTS - 74%. 

Inadequate f a i l u r e  c a l l o u t s .  Trouble-shooting 
is time consuming. 

oms - 74%. 
m s  - 75%. 

oms - 74%* 
FMTS - 75%. 



(8 ~ o l  low-on- Improvement Program (U) 

(# Ear ly  i n  FY 1969, CDC and AMC recommended t h e  r e i n s t a t e -  

ment of t h e  Phase I1 e l e c t r o n i c s  program a s  an  o p e r a t i o n a l  

requirement  f o r  t h e  SERGEANT system. Having been i n  t h e  f i e l d  

n e a r l y  3 yea r s ,  t h e  ground equipment e l e c t r o n i c s  (w i th  ESM 469 

modi f ica t ions)  were t echno log ica l ly  o b s o l e t e  and approaching 

t h e  p o i n t  where it would be  more economical t o  r e p l a c e  them 

than  cont inue  suppor t ing  them. The proposed Phase I1 ground 

e l e c t r o n i c s  improvement program would c o s t  $57,015,000 over a 

4-year per iod  (FY 1969-72), b u t  would be se l f - amor t i z ing  w i t h i n  

3 .years through accrued savings  from reduc t ions  i n  personnel  

requirements ,  equipment l i n e  i tems, p e c u l i a r  r e p a i r  p a r t s ,  and 

replenishment  r e p a i r  p a r t s ,  and from o t h e r  b e n e f i t s  such a s  t h e  

e l imina t ion  of p i e c e  p a r t  r e p a i r  i n  t h e  f i e l d .  However, ACSFOR 

r e j e c t e d  t h e  proposed Phase I1 program because of budgetary 

l i m i t a t i o n s  and t h e  f a c t  t h a t  t h e  f i r s t  LANCE u n i t  was scheduled 

t o  be  f i e l d e d  i n  t h e  f o u r t h  q u a r t e r  of FY 1972, some 6 months 

a f t e r  t h e  es t imated  d e l i v e r y  d a t e  f o r  t h e  SERGEhITC Phase I1 

equipment. 5 7 

(U) The follow-on product  improvement e f f o r t  i n  FY 1969-70 

was thus  l i m i t e d  t o  such des ign  ref inements  a s  necessary  t o  

improve weapon system r e l i a b i l i t y ,  reduce c o s t s ,  and inc rease  

s a f e t y .  Primary a t t e n t i o n  was focused on t h e  completion of ESM 

820 modi f ica t ions  by t h e  SMAP 11 team, i n s t a l l a t i o n  of ground 

suppor t  equipment modi f ica t ions  by t h e  SMAP III and SNAP I V  

teams, and modernizat ion of t h e  3G52 t z a i n e r  . 
(6 I n  can junc t ion  w i t h  t h e  insti i l%ai;ion of SP%P I1 

57(1) r ,  SGT PC4 t o  CG, U I C ,  3 J u l  68, suhj :  SGT Ph II Prod 
Imprv P r o p a n ,  w / inc l .  (2)  L t r ,  DCG, NX, ii~r-u DCSLE, t o  SA, 
n.d , sub j : SGT Ph I1 Prod Tmprv Proqram;  FY 69 Apport ionmcnt & 
FY 7 0  Bud Program. (3 )  L t r ,  ACSFO!:, :)A, t o  CG, CDC, 7 Aug 68, 
s u h j  : SGT PI1 1 I E?ct 17od IJ;o::rm. Ai.1 jn  SGT Clndiy OTc F i l e s .  



(ESM 820) modificat ions on a l l  t a c t i c a l  miBgiles, completed i n  

September 1968, t h e  con t rac to r  conducted an extens ive  t e s t  program 
b 

t o  determine the  cause of f l i g h t  f a i l u r e s  which had decreased t h e  

i n - f l i g h t  r e l i a b i l i t y  from 77 t o  76 percent  between November 1967 

and June 1968. These t e s t s  t r aced  t h e  cause of t h e  f a i l u r e s  t o  

marginal performance of cables  i n  t h e  a f t  guidance sec t ion  and 

rocket  motor. The new m i s s i l e  cables  wi th  a d i f f e r e n t  type of 

i n s u l a t i o n  were success fu l ly  f l i g h t  t e s t e d  i n  four  ASP f i r i n g s  

a t  WSMR i n  December 1968 and June 1969. They were f u r t h e r  t e s t e d  

without  f a i l u r e  i n  10 European ASP f i r i n g s  a t  t h e  NATO M i s s i l e  

F i r i n g  I n s t a l l a t i o n  on t h e  i s l and  of Cre te  i n  Apr i l  and May 1969. 

Personnel a t  t h e  Lexington-Blue Grass Army Depot f ab r i ca ted  two 

cab le  modificat ion kits-one f o r  t h e  rocket  motor and one f o r  t h e  

body sec t ion .  F i e l d  i n s t a l l a t i o n  began i n  October 1969 and was 

scheduled f o r  completion by 1971. 

(U) The SMAP I11 team, comprised of 17 personnel,  i n s t a l l e d  

some 25 mechanical and e l e c t r i c a l  changes i n  t h e  ground equipment 

o i  U. S. and German u n i t s  t o  lengthen t h e  mechanical s e r v i c e  l i f e  

of t h e  equipment and t o  decrease t h e  v u l n e r a b i l i t y  of t h e  system. 

The launching s t a t  ion underwent mechanical mod i f  i c a t  ions,  includ- 

ing changes t o  s t rengthen t h e  t r a i l e r  frame. E l e c t r i c a l  changes 

i n  t h e  f i r i n g  set c i r c u i t r y  shortened t h e  countdown t i m e  and 

thereby reduced t h e  v u l n e r a b i l i t y  of t h e  system. 

(U) The SMAP IV program began upon terminat ion  of t h e  Phase 

I1 development a s  a f a l l b a c k  s o l u t i o n  t o  t h e  p r e f l i g h t  r e l i a b i l i t y  

problem. The primary o b j e c t i v e  of t h e  program was t o  prevent 

degradation of t h e  e x i s t i n g  l e v e l  of p r e f l i g h t  re1 b i l i t y  wi th  Y 
t h e  cu r ren t ly  configured equipment. Other ob jec t ives  w e r e  t o  

increase  t h e  o v e r a l l  r e l i a b i l i t y  of t h e  system, reduce opera tor  

e r r o r s ,  and improve f a u l t  d e t e c t i o n  and i s o l a t i o n  c a p a b i l i t i e s .  

Engineer-service t e s t s  of modified equipment, conducted from 

January t o  Apr i l  1969, indica ted  t h a t  t h e  program ob jec t ives  had 

been met. The i n s t a l l a t i o n  of modificat ions i n  f i e l d e d  equipment 
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began i n  January  1970 and w a s  t o  be completed by June 1971. The 

program included e l e c t r o n i c  modi f ica t ions  t o  t h e  f i r i n g  s e t ,  OIflS, 

FMTS, FMSE, and system f i e l d  t e s t  equipment. - 
(U) The o b j e c t i v e s  of t h e  t r a i n e r  modi f ica t ion  program were 

, 
t o  c o r r e c t  known hardware d e f i c i e n c i e s ,  t o  provide  improved 

maintenance c a p a b i l i t i e s ,  t o  r e f u r b i s h  f i e l d e d  hardware, and t o  

update  t h e  Block 11 t r a i n e r  t o  t h e  Block IV conf igu ra t ion .  The 

c o n t r a c t o r  shipped t h e  f i r s t  updated t r a i n e r  t o  F o r t  S i l l ,  

Oklahoma, on 6 June  1969, f o r  i n i t i a l  product ion t e s t i n g  by t h e  

A r t i l l e r y  Board. F i e l d  i n s t a l l a t i o n s  began i n  November 1969 

and were expected t o  con t inue  through 1970. 58 

@ The c o r r e c t i o n  of  t h e  m i s s i l e  cab le  de f i c i ency  and 

i n s t a l l a t i o n  of ESM 820 modi f ica t ions  brought t h e  SERGEANT in-  

f l i g h t  r e l i a b i l i t y  (based on t h e  l a s t  20-round moving average) 

up t o  t h e  MC requirement  of 95 percent  a s  of 30 June 1969. 59 

, However, random f a i l u r e s  experienced i n  ASP f i r i n g s  dur ing  t h e  

ensuing 12 months lowered t h e  systcm i n - f l i g h t  r c l i z b i l i t y  

(20-round moving average)  t o  75 percent .  As of 15  June 1970, 

a  t o t a l  of 56 m i s s i l e s  w i t h  t h e  ESM 820 modi f ica t ions  had been 

f i r e d  i n  ASP e x e r c i s e s ,  46 (about  82 percent )  .of  which were 

succes s fu l .  The average miss d i s t a n c e  f o r  t h e  l a t t e r  rounds 

was 84  meters  s h o r t  ( range)  and 89 meters  l e f t  (azimuth) ,  f o r  

a  r a d i a l  e r r o r  of 222 meters.  

(03 The r equ i r ed  95 percent  p r e f l i g h t  (countdown) r e l i a b i l -  

i t y  s t i l l  had no t  been achieved.  Ava i l ab l e  d a t a  from t h e  SERD 

program and o t h e r  sources thuoilgh 1 5  June 1970 ind ica t ed  a  

p r e f l i g h t  r e l i a b i l i t y  of 78 pe rcen t ,  based on a  s i n g l e  countdom 

5 8 
(1)  I- lTCO~l Kept, SGT Npn Sps Smanl Program EPview, 28 F'eb 6 9 ,  

pp. 24-26. KSIC. ( 2 )  SGT Yroj OEc H i s t  Rrpt:, FY 1969, pp .  3-6; & 
SGT Cmdty Ofc K i s t  Rept,  FY 1970, p. lo  K i s t  Div F i l e .  (3) SGT 
PI.I2Y, Ch 1, 30 J u n  69 ,  p .  6.  SGT Cidty Ofc F i l e .  ( L )  1ntm.1, Nary 
T. Cagle v i t h  Paul R.  C o l l i e r ,  SC-1' Cndty O L c ,  23 Sep 70. 



attempt without  opera tor  e r r o r s ,  and 68 percent  including opera tor  

e r r o r s .  The SMAP I V  modificat ions were expected t o  reduce opera- 

t o r  e r r o r s  and increase  t h e  o v e r a l l  r e l i a b i l i t y  of the  system. 6 0 

I n  a d d i t  ion t o  the  programmed modificat ions aimed a t  

improving and/or maintaining t h e  SERGEANT ' s r e l i a b i l i t y  index, 

se r ious  cons idera t ion  was given t o  equipping t h e  weapon system 

wi th  a non-nuclear warhead t h a t  could be c o s t  e f f e c t i v e l y  used 

aga ins t  s e l e c t e d  t a r g e t s  beyond t h e  range of o t h e r  non-nuclear 

a r t i l l e r y  weapons. A s  s t a t e d  e a r l i e r ,  t he  o r i g i n a l  requirement 

f o r  development of a high explosive warhead f o r  t h e  SERGEANT was 

cancel led ,  and t h e  chemical and b i o l o g i c a l  warheads were developed 

bu t  never approved f o r  production. The SERGEANT'S r o l e  i n  any 
I 

con£ l i c t  was the re fo re  l imi ted  t o  a nuclear  one. ~ o % r o v i d e  

maximum e f f e c t i v e  combat support  i n  low, medium, and high in ten-  

s i t y  warfare,  a r t i l l e r y  weapons f o r  t h e  1970-1980 timeframe would 

have t o  possess both a nuclear  and non-nuclear c a p a b i l i t y .  To 

f u l f i l l  t h i s  requirement, t h e  p r o j e c t  o f f  i ce ,  i n  February 1968, 

submitted a proposal f o r  t h e  development and produdtion of a high 

explosive and incendiary type warhead f o r  t h e  SERGEANT weapon sys-  

tem. Th i s  non-sensi t ive warhead would not  only expand and e x p l o i t  

c a p a b i l i t i e s  of t h e  SERGEANT f o r  U. S. u n i t s ,  bu t  a l s o  make it 

poss ib le  f o r  the  Federa l  Republic of Germany t o  employ t h e i r  

SERGEANT u n i t s  during t h e  f i r s t  s t e p  of t h e  " f l e x i b l e  response" 
-- 

pol icy  adopted by NATO. Although i n i t i a l l y  supported by CDC, .-- 

t h e  proposed warhead development program was l a t e r  dkapproved 

a t  ACSFOR l e v e l .  61 

6 0 ( ~ )  MICOM Rept No. QS-MR-70-39, 15  Jun 70, subj :  SGT M s l  
Sys R e l i a b i l i t y  (Effec t iveness)  S t a t u s  Rept, pp. 13-14, 17. SGT 
Cmdty Ofc F i l e .  (2) Intvw, Mary To Cagle wi th  W. G. Whitf i e l d ,  
SGT Cmdty Ofc, 1 Oct 70. 

6 1 ( ~ )  SGT Pro j  Ofc Ppsl ,  "Small Development Requirement f o r  
a Non-Nuclear Warhead f o r  the  SERGEANT Miss i l e  System," 16 Feb 68. 
SGT Cmdty Ofc F i l e .  (2) MICOM Rept, SGT Wpn Sys Smanl Program 
Review, 28 Feb 69, p. 41. RSIC. (3) I n t w ,  Mary T. Cagle wi th  
Paul R. C o l l i e r ,  14  O c t  69. 



(# Program Cost  and Product ion Summary (U) 

(U) From t h e  beginning of b a s i c  r e sea rch  i n  FY 1950 through 

FY 1970, t h e  Department of t h e  Army spent  $510,692,000 on t h e  

development and product ion of t h e  SERGEANT weapon system. / 

Customer o rde r s  f o r  t h e  weapon system came t o  $122,847,000, 

i nc reas ing  t h e  t o t a l  investment t o  $633,539,000. 

(U) The RDTE o b l i g a t i o n s  f o r  system development (exc luding  

adapt ion  k i t  c o s t s )  came t o  $176,568,000 dur ing  t h e  1950-67 

per iod ,  i n  c o n t r a s t  t o  t h e  o r i g i n a l  e s t i m a t e  of $187,027,000 

f o r  t h e  1950-60 per iod .  The RDTE a l l o c a t i o n  t o  t h e  adapt ion  

k i t  program t o t a l e d  $19,007,000, f o r  an aggrega te  development 

c o s t  of $195,575,000. About $147 mi l l i on ,  o r  75 percent ,  of 

t h e  t o t a l  development c o s t  was ob l iga t ed  dur ing  t h e  1955-60 

pe r iod  under t h e  JPL and SUEL R&D c o n t r a c t s .  62 Table 8 shows 

t h e  planned and a c t u a l  deve lopmnt  c o s t s  by f i s c a l  year .  

(# The PEMA oh1 ? e a t  ions f o r  SERGEANT missi. les and ground 

equipment t o t a l e d  $315,117,000 dur ing  t h e  FY 1958-70 per iod ,  

i n  c o n t r a s t  t o  t h e  p ro j ec t ed  program es t ima te  of $321,300,000 

f o r  t h e  1958-63 pe r iod .  The o r i g i n a l  e s t i m a t e  was based on 

t h e  procurement and product ion of 932 m i s s i l e s  ( l e s s  warheads),  

17 s e t s  of t a c t i c a l  ground equipment, and 35 s e t s  of non- 

t a c t i c a l  ground equipment. As a r e s u l t  of t h e  cutback i n  

planned Army b a t t a l i o n s ,  t h e  product ion quarit i t i e s  were reduced 

t o  528 m i s s i l e s  ( i n c l u d i n g  300 f o r  War Reserve) ,  8 s e t s  of 

t a c t i c a l  ground equipineilt (7  b a t t a l i o n  s e t s  p lus  1 maintenance 

f l o a t ) ,  and 17 s e t s  of non-tact i c n l  ground equipment. The pro- 

duc t ion  of SCICGIQWT ground equ ipmc.0.i ended i n  FY 1964, and t h e  

m i s s i l e  acquls  it ion  o b j e c t i v e  ~.r,.s met i n  FY 19 65.  Obl igc t  ions 

a f t e r  FY 1965 were f o r  f i e l d  ~ c o i i f i c ~ l t i o n  k i t s  and r e p a i r  p a r t s .  

- 
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See above, pp. 51-54. -- 



Table 8-(U) PLANNED VERSUS ACTUAL DEVELOPMENT COSTS: 1950-.67 
( I n  mil l ions  of do l l a r s )  

F i s ca l  Year 

1950-54C 

1955 

1956 

1957 

19 58 

1959 

1960 

1961 - 

1962 

1963 

1964 

1965 

TOTALS 

I System 
R&D 

5.167 

5.890 

8.920 

12.850 

11.700 

7.700 

4.300 

Tota l  

5.167 

5.890 

11.320 

21.250 

25.500 

52.900 

65 000 

a 
Excluding Adaption K i t  Costs. - See Table 1, p. 35. 
I 

Adapt 
R&D 

e7OO 

1.200 

1.572 

5.031 

4.081 

2.408 

1.515 

. loo  

)n K i t  
PEWS 

700 

1.700 

U 
From MICOM and AMC Comptroller Records a s  of 3 1 J u l y  1968. Includes $7,693,000 f o r  the  Phase I1 

Improvement Program, FY 1963-67 ( see  - above, p. 228). 
C Basic Research ( s o l i d  propel lant  rocket motor) and F e a s i b i l i t y  Studies.  



The a c t u a l  PEMA o b l i g a t i o n s  dur ing  t h e  FY 

fo l lows  : 63 

. . 

1958-70 pe r iod  were as 

FY 1958-62 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

T o t a l  Army: 
T o t a l  Customer: 

Grand To ta l :  

(d) Current  S t a t u s  (U) 

(d) Except f o r  t h e  r eo rgan iza t ion  of fou r  U. S. b a t t a l i o n s ,  

t h e  deployment s t a t u s  of t h e  SERGEANT weapon system was unchanged. 
64 

On 23 June  1970, t h e  fou r  U. S. u n i t s  i n  Germany were rccon- 

. s t i t u t e d  a s  two double-s t rength  b a t t a l i o n s  ( i . e . ,  w i th  four  

f i r i n g  b a t t e r i e s  each i n s t e a d  of two). Th i s  a c t i o n  reduced 

personnel  requirements  by 40 o f f i c e r s  and 228 e n l i s t e d  men f o r  

an es t imated  annual  sav ing  of $2,050,000, and r educ t ions  i n  

equipment requirements  and maintenance c o s t s  were expected t o  

provide  f u r t h e r  sav ings  of about $1  m i l l i o n  p e r  year .65 Aside 

from t h e s e  two doublc-s t rength  ba.ttal . ions,  t h e r e  were t h r e e  

o t h e r  U. S. u n i t s  i n  t h e  f i c l d  (one i n  I t a l y ,  one in  Korea, and 

one i n  t h e  Con t inen ta l  United S t a t e s )  snd fou r  d o ~ b l e - s l i r ~ i g t l l  

NAP b a t t a l i o n s  deployed i n  t h e  Fede ra l  Republic  of Germany. In 

a d d i t i o n  t o  t h e  deployed u n i t s ,  t h e  Army had t h c  equival-ent of 

-- 
63(1) AXGl2i Chart  5-014, SGT Funds, P r o ~ ,  b Dlmy,  30 Nav 58. 

(2) SGT Wpn Sys Cost G Tech I n f o  Rcpt (COS'I 'JICbI),  Feb 1969, C&I)P, 
pp. 43-44. Both in I l i s t  D T v  F i l e .  (3)  Acti.; PEYA c o s t  f i g u r e s  
from PEFL4RS Tape da t ed  30 J u n e  1970. 



16 b a t t e r y  sets of equipment f o r  t r a i n i n g  and t e s t i n g  purposes, 

and t h e  FRG had t h r e e  b a t t e r y  sets f o r  t r a in ing .  J o i n t  U. S./FRG 

maintenance f l o a t s  of t h r e e  b a t t e r y  sets were provided, two of 

them i n  Europe and one i n  t h e  United S t a t e s .  66 

Because of u n c e r t a i n t i e s  i n  t h e  LANCE missile program, 

a d e f i n i t e  t i m e  schedule f o r  t h e  r e t i r ement  of t h e  SERGEANT had 

no t  been es tab l i shed .  The LANCE system, which was being developed 

a s  a replacement f o r  t h e  SERGEANT and HONEST JOHN, was t e n t a t i v e l y  

- scheduled f o r  i n i t i a l  deployment i n  t h e  e a r l y  1970's.  The Secre- 

t a r y  of Defense de fe r red  u n t i l  FY 1972 a f i rm decis ion  on t h e  

composition of Army surface- to-surface  missile forces .  67 I n  t h e  

meantime, SERGEANT ground equipment e l e c t r o n i c  components were 

r a p i d l y  becoming obso le te  and replacaement p a r t s  were more and 

more d i f f i c u l t  t o  procure, making support  of t h e . a g i n g  weapon 

system a se r ious  problem. w 

(U) With many of t h e  components o r i g i n a l l y  used i n  SERGEANT 

e l e c t r o n i c  assemblies and subassemblies no longer i n  production, 

t h e  c o n t r a c t o r s  w e r e  reques t ing  Government a s s i s t a n c e  i n  obta in ing 

c e r t a i n  low-cost i t e m s .  Rather than spend money t o  q u a l i f y  a l t e r -  

n a t e  supply sources, t h e  Di rec to r  of Supply & Maintenance sought 

t o  m e e t  t h e  demand by making maximum use  of c u r r e n t  a s s e t s .  To 

t h i s  end, he requested t h a t  a l l  MICOM SERGEANT excesses i n  world- 

wide inven to r i e s  be r epor ted  f o r  d i s p o s i t i o n  rega rd less  of d o l l a r  

va lue  a s  set f o r t h  i n  paragraph 3-2a, AR 755-1. Among o t h e r  

measures being considered were t h e  use  of s u b s t i t u t e  components 
68 and t h e  disassembly of long supply i t e m s .  

(U) On 1 October 1970, the  SERGEANT was s t i l l  s tanding guard 

and. enduring t h e  a f f l i c t i o n s  of o l d  age, whi le  anxiously await ing 

t h e  a r r i v a l  of i t s  replacement. 

Wpn Sys Cost & Tech I n f o  Rept (COSTECH), Feb 1969, 
C&DP, p. 6. H i s t  Div F i l e .  

6 7 ~ e f e n s e  Information B u l l e t i n ,  Vol 6, No. 4 (Apr 70), p. 27. 
6 8 ~ t r ,  D/S&M t o  CG, AMC, 5 Jun 70, subj:  Reptg of SGT Ex- 

cesses. H i s t  Div F i l e .  



I SERGEANT SYSTEM MAJOR ITENS 

FIELD MAINTENANCE SHOF 
EQUIPMENT (FMSE) 

MAINTENANCE TEST 
STATION (FMTS OR OMTS) 

MISSILE ON LAUNCHER 

WARHEAD TRANSPORTER MOTOR 81 GUIDANCE SECTION 
TRANSPORTER 



(U) SERGEANT GROUND EQUIPMENT CHARACTERISTICS 

Launching Transport 
S t a t i on  T r a i l e r  OFTI'S FMTS FMS E 

Length.. . . . . . . 31 f t .  11 in. 31 f t .  6 in.  31 f t .  8% in .  31 f t .  8% in.  -' 30 f t .  9% in .  

Width......... 7 f t .  10% in .  7 f t .  @ in.  8 f t .  2 in .  8 f t .  2 in.  7 f t .  11 in .  

Height ........ 7 f t .  10 in. 5 f t .  0 in.  9 f t .  7 314 in.  9 f t .  7 3/4 in.  11 f t .  0 in.  

Weight........ 17,100 lbs .  4,720 lbs .  13,450 lbs .  15,500 l b s  24,474 lbs .  

Cubic Feet.. . . - - Ow 2,498.9 2,498.9 2,710 



"UNCLASSIFIED 

WARHEAD a FUZE DRAG BRAKES FIN 
I I \ 



(8) SERGEANT MISSILE CHARACTERISTICS (U) 

........ Length.. 34 f t .  6 i n .  Propulsion..... . . . . .  S i n g l e  s t age ;  5,900 l b s .  of 

Diameter........ 3 1  i n .  p o l y s u l f i d e  composite p r o p e l l a n t  

... Gross Weight.... 10,100 l b s .  M i s s i l e  Guidance. I n e r t i a l  

. Warhead......... Nuclear,  1,600 l b s .  M i s s i l e  Control . . . .  Cont ro l  Surfaces  ( 4  f i n s )  and 
Dragbrakes 

w 
i% Performance 

Range............. 25 t o  75  nm E f f e c t i v e  Night Burning Time.. .. 28 seconds 

I n i t i a l  Thrust. . . .  48,410 lbs .  T o t a l  Motor Burning Time........ 34 seconds 

F i n a l  Thrust.... . .  46,210 l b s .  T o t a l  Impulse ................... 1,123,280 l b s .  pe r  s ec .  

Average Thrust . .  .. 43,210 l b s .  Cyc l i c  Rate  of  Fire..... . . . . . . . .  2 m i s s i l e s  p e r  83 minutes 









- , O M I S  with -- Warhead, Guidance, & Motor Se 
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APPENDIX I 

STATEMENT OF APPROVED MILITARY CHARACTERISTICS 
FOR SERGEANT GUIDED MISSILE, XSSM-A-27 

16  J u n e  1955 

SOURCE: OTCM 35863, 16  J u n  55, s u b j :  Guided M i s s i l e ,  XSSM-A-27 
(SERGEANT) - E s t a b l i s h m e n t  of  DOA P r o j  516-05-009 (TU1-2080)., 

SECTION I - GENERAL 

1. Requirement a n d / o r  J u s t i f i c a t i o n :  To f u l f i l l  t h e  r e q u i r e -  
ment e s t a b l i s h e d  by t h e  Army F i e l d  F o r c e s  f o r  a  s h o r t  r ange  (25-75 
n a u t i c a l  mi le )  s u r f a c e - t o - s u r f a c e  guided m i s s i l e  sys tem.  

2. Miss ion :  To augment and e x t e n d  a r t i l l e r y  s u p p o r t  and t o  
supplement o r  r e p l a c e  t a c t i c a l  a i r  s u p p o r t  t o  a  r a n g e  of  75 n a u t i c a l  
m i l e s .  T h i s  s h a l l  be  a n  i n t e g r a t e d  sys tem of  equipment which w i l l  
p r o v i d e  f o r  t h e  h a n d l i n g ,  s e r v i c i n g ,  l a u n c h i n g  and gu idance  of t h e  
m i s s i l e ,  and f o r  d e t o n a t i o n  of  t h e  warhead a t  t h e  t a r g e t .  T r a i n i n g  
a i d s ,  i n s t r u c t i o n  m a n u s c r i p t s ,  SNL's and TM's s h a l l  be i n c l u d e d .  

3 .  Development: I f ,  d u r i n g  t h e  development phase ,  i t  a p p e a r s  
t o  t h e  Ordnance Corps  t h a t  t h e  c h a r a c t e r i s t i c s  l i s t e d  h e r e i n  r e q u i r e  
t h e  i n c o r p o r a t i o n  of  c e r t a i n  i m p r a c t i c a b l e  f e a t u r e s  o r  u n n e c e s s a r i l y  
e x p e n s i v e  and c o m p l i c a t e d  components o r  d e v i c e s ,  c o s t l y  manufac tu r ing  
methods and p r o c e s s e s ,  c r i t i c a l  m a t e r i a l s  o r  r e s t r i c t i v e  s p e c i f i c a -  
t i o n s  which s e r v e  a s  a  d e t r i m e n t  t o  t h e  m i l i t a r y  v a l u e  of t h i s  weapon 
sys tem,  s u c h  m a t t e r s  will bs b r o u g h t  t o  th: l x x e d i a t c  z t t e n t i s c  of  
Department of  t h e  Army and t o  t h e  C o n t i n e n t a l  Army Command f o r  c a r e -  
f u l  cons  i d e r a t  ion  b e f o r e  i n c o r p o r c t  i o n  i n  a  f i n a l  d e s i g n .  

4 .  - Competing C h a r a c t e r i s t i c s :  I n  t h e  c a s e  of competing 
c h a r a c t e r i s t i c s ,  p r i o r i t y  w i l l  be i n  t h e  f o l l o w i n g  o r d e r  of a b s o l u t e  
e s s e n t i a l i t y :  

a .  Re1 i a b i l i t y ,  ruggedness ,  and s i m p l i c i t y  ( n o  a t t e m p t  i s  
made t o  choose  between t h e s e  p r imary  c h a r a c t e r  i s t  i c s )  . 

b .  Accuracy.  

d .  Immunity t o  counterniea.sures . 
e .  M o b i l i t y .  

f .  S a f e t y .  

5 .  Performance C h ~ ? r a c t c r  i s l j c s :  -- .. -- -- - 
a .  P a y l o a d ,  

(1)  The m i . s s i l e  s h a l l  be  capab1.e of  c . a r ry ing  a  w a r l i c , ~ d  
of abou t  1500 poilnds vei .ght  and 30-incli  dinnreter  t h r o u ~ h o u t  i t s  d e -  
s i g n  r a n g e .  P r o v i s i o n s  shal. 1 be made f o r  j n ~ i r c . h a n g i .  of warheads 
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APPENDIX I - s t a t emen t  of Approved MC'  s ,  16 Jun  55 (Continued) . 
under f i e l d  c o n d i t i o n s .  The m i s s i l e  s h a l l  be compatible  w i th  t h e  
warheads being developed f o r  CORPORAL and HONEST JOHN. Types of 
warheads i n  o r d e r  of  p r i o r i t y  a r e :  

( a )  Atomic: A i r  b u r s t  and s u r f a c e  b u r s t ,  f o r  use  
a g a i n s t  personnel ,  i n s t a l l a t i o n s ,  and any o t h e r  a p p r o p r i a t e  t a c t i -  
c a l  t a r g e t s .  

(b) Fragmentat ion,  f o r  use  a g a i n s t  personnel .  

( c )  Chemical, f o r  use a g a i n s t  pe r sonne l .  
i 

(d) Rad io log ica l ,  B i o l o g i c a l ,  o r  o t h e r  types  t h a t  
- may be  developed. 

( e )  P r a c t i c e  warheads and dummy warheads. 

(2)  P rov i s ion  s h a l l  be made f o r  arming each type  of 
t a c t i c a l  warhead wh i l e  t h e  m i s s i l e  i s  i n  f l i g h t .  The c a p a b i l i t y  of 
disarming t h e  warhead whi le  i n  f l i g h t  i s  d e s i r e d .  

(3) The adap t ion  k i t  and atomic warhead f e a t u r e s  and 
t h e  fuz ing  and o t h e r  f e a t u r e s  of non-atomic warheads s h a l l  be a s  
desc r ibed  i n  a p p r o p r i a t e  m i l i t a r y  and t e c h n i c a l  c h a r a c t e r i s t i c s  . 

b.  Accuracy. Assuming t h e  exac t  range ,  azimuth, and 
a n g l e  of s i t e  t o  recommended ground ze ro  t o  be known -- 

(1) Required: C i r c u l a r  Probable  E r r o r  (CPE) of a c t u a l  
grgund ze ro  n o t  t o  exceed 150 ya rds .  I 

(2) Desired:  CPE of a c t u a l  ground zerd  n o t  t o  exceed 
100 ya rds .  

c. Range. 

(1)  Maximum; Not l e s s  than 75 n a u t i c a l  mi l e s  from t h e  
launching s i t e .  

(2) Minimum: Required - Not more t han  25 n a u t i c a l  
mi l e s  from t h e  launching s i t e .   sired - Not more than  15  n a u t i c a l  
mi l e s  from t h e  launching s i t e .  

d .  Propuls ion .  A s o l i d  p r o p e l l a n t  motor is  r e q u i r e d .  I n  
t h e  des ign  of t h e  p ropu l s ion  system c o n s i d e r a t i o n  w i l l  be g iven  t o  . - 

minimizing smoke, f l a s h ,  and d u s t  . 
e. Speed. The m i s s i l e  s h a l l  f l y  a t  supe r son ic  speed from 

s h o r t l y  a f t e r  launch t o  impact o r  de tona t ion .  

f .  Guidance and Con t ro l .  

(1)  Required: Any guidance system which w i l l  produce 
t h e  accuracy requirement  s t a t e d  above i s  a c c e p t a b l e  provided t h e  
fo l lowing  c h a r a c t e r i s t i c s  a r e  included:  

260 



I 
I 

APPENDIX I - S t a t e m e n t  o f  Approved MC's, 1 6  J u n  55 (Cont inued)  . 
I 

(a )  I f  a ground c o n t r o l  s t a t i o n  i s  n e c e s s a r y ,  i t s  
arrangement  s h a l l  b e  compact t o  f a c i l i t a t e  m o b i l i t y ,  communications,  
camouflage ,  and concealment .  The sys tem s h a l l  b e  d e s i g n e d  f o r  
e f f i c i e n t  o p e r a t i o n  when t h e  d i s t a n c e  between t h e  ground c o n t r o l  
s t a t i o n  and t h e  l a u n c h e r  i s  a s  s m a l l  a s  abou t  300 m e t e r s  and a s  
g r e a t  a s  a b o u t  8 , 0 0 0  m e t e r s .  , 

(b)  P r o v i s i o n s  s h a l l  b e  made t o  change and a d j u s t  
r a p  i d l y  t a r g e t  p o s i t  i o n  f o r  succeed ing  m i s s i l e s  . 

( c )  The sys tem s h a l l  p e r m i t  engagement o f  t a r g e t s  
0 

w i t h i n  a  360 s e c t o r  by a l l  l a u n c h e r s  i n  a  b a t t e r y  w i t h  no major 
d i s p l a c e m e n t  o f  equipment r e q u i r e d .  

( d )  L i n e  o f  s i g h t  s h a l l  n o t  b e  r e q u i r e d  between 
l a u n c h e r  and ground equipment .  

( e )  I f  a  ground c o n t r o l  s t a t i o n  i s  n e c e s s a r y ,  
s u i t a b l e  ant i - jamming f e a t u r e s  i n  t h e  m i s s i l e  and i n  t h e  ground 
c o n t r o l  equipment s h a l l  minimize t h e  e f f e c t  of  enemy e l e c t r o n i c  
coun te rmeasures  and e f f e c t i v e l y  r e d u c e  i n t e r f e r e n c e  from f r i e n d l y  
c o n t r o l  s t a t i o n s  o r  o t h e r  e l e c t r o n i c  d e v i c e s .  E l e c t r o n i c  r a d i a t i o n s  
from t h e  equipment shal.1 be  s h i e l d e d  o r  c o n f i n e d  t o  narrow s e c t o r s  
t o  r e d u c e  t h e  l i k e l i h o o d  of  d e t e c t i o n  by enemy d e v i c e s .  I t  s h a l l  
b e  p o s s i b l e  t o  o p e r a t e  two o r  more gu idance  s t a t i o n s  i n  t h e  same 
v i c i n i t y  w i t h o u t  i n t e r f  e r  ing  w i t h  e f f e c t  i.ve sys tem performance.  

( f )  Assuming p r o p e r  o p e r a t i o n  o f  t h e  e n t i r e  s y s -  
tem u n t i l  a f t e r  p o s t  burnou t  maneuver, it i s  r e q u i r e d  t h a t  t h e  
m i s s i l e  w i l l  impact w i t h i n  two m i l e s  of  t h e  t a r g e t .  

( g )  S u i t a b l e  o r i e n t a t i o n  i n s t r u m e n t s  s h a l l  be  
p r o v i d e d  on o r  n e a r  t h e  l a u n c h e r  t o  p e r m i t  l a y i n g  f o r  d i r e c t i o n  
by a  t h e o d o l i t e  o r  o t h e r  s u i t a b l e  i n s t r u m e n t  w i t h  t h e  r e q u i r e d  
a c c u r a c y .  

( 2 )  D e s i r a b l e :  A' gu idance  sys tem comple te ly  s e l f  - 
c o n t a i n e d  w i t h i n  t h e  m i s s i l e  which does  n o t  emi t  e l e c t r o n i c  
r a d i a t i o n s  i s  d e s i r a b l e .  The c h a r a c t e r i s t i c s  s t a t e d  i n  (b )  , ( c )  , 
( d ) ,  ( f ) ,  and ( g )  above s h o u l d  t h e n  be  i n c l u d e d .  

g .  C y c l i c  R a t e .  A cyc l - i c  r a t e  o f  two m i s s i l e s  p e r  hour  
p e r  l a u n c h e r  i s  r e q u i r e d .  A h i g h e r  c y c l i c  r a t e  i s  d e s i r e d  i f  
a t t a i n a b l e .  

h .  - R a t e  -- o f  F i r c .  A r a t e  o f  f i r e  of s i x  ( 6 )  m i s s i l e s  p e r  
hour  p e r  b a t t e r y  on one o r  more t a r g e t s  is  r e q u i r e d .  I f  a  grourld 
gu idance  s t a t i o n  i s  r e q u i r e d ,  one such s t a t i o n  p e r  b a t t e r y  s h a l l  bc 
c a p a b l e  of  m a i n t a i n i n g  t11i.s r a t e  of f i r e .  

i . T i m  r e q u i r e d  f r o m  c o n p l c l  i o n  of  e r e c t i o n  t o  l a u n c h i n g  
shou ld  be h e l d  i o  a r:~inii:lurn, b u t  successive l a u n c h i n g s  from a l l  
l aunc l i e r s  i n  a  bat-t c r y ,  a t  i n t e n ~ n l s  no: 1-0 exceed one m i n u t e ,  a r e  
a c c e p t a b l e  . 

261 
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6. S p e c i a l  C h a r a c t e r i s t i c s :  

a .  System. 

(1) R e l i a b i l i t y ;  The r e l i a b i l i t y  of t h e  m i s s i l e  sys-  
tem should be such t h a t  -- 

( a )  A t  l e a s t  90% of t h e  m i s s i l e s  removed from 6  
months s t o r a g e  (Depot o r  f i e l d )  must pas s  a l l  p r e f i r i n g  checkout 
t e s t s  w i t h  only  minor adjustments  o r  component replacement by 
b a t t a l i o n  o r  b a t t e r y  personnel .  

(b )  Of t h e  m i s s i l e s  which pass  t h e  p r e f i r i n g  
checkout t e s t s ,  no t  more than  5% may f a i l  t o  launch a t  t h e  des ig -  
na t ed  time due t o  system malfunct ion throughout a  72 hour pe r iod  
fo l lowing  checkout .  

( c )  I n  t h e  absence of e f f e c t i v e  countermeasures 
t h o s e  m i s s i l e s  which launch must have an i n - f l i g h t  r e l i a b i l i t y  of 
95%. Th i s  i s  t h e  degree of assurance  t h a t  a f t e r  launch,  t he  mis- 
s i l e  w i l l  no t  a b o r t  due t o  f a i l u r e  of m i s s i l e  o r  ground components, 
bu t  w i l l  d e l i v e r  i t s  payload t o  t h e  s p e c i f i e d  t a r g e t  w i t h i n  t h e  
normal d i s p e r s i o n  l i m i t s  a s s o c i a t e d  wi th  t h e  r equ i r ed  CPE. 

(d)  The atomic warhead and the  m i s s i l e  system 
s h a l l  inc lude  anti-jamming and a l l  o t h e r  devices  r equ i r ed  t o  i n s u r e  
a t  l e a s t  a  99% p r o b a b i l i t y  of producing a  nuc lea r  explos ion  when 
t h e  m i s s i l e  f a l l s  i n  enemy t e r r i t o r y  and w i t h i n  t h e  p re sc r ibed  
s a f e t y  l i m i t s .  (Reference l e t t e r  . . . Headquarters ,  F i e l d  Command, 
AFSWP, 3 J u l y  1953, s u b j e c t :  "Proposed M i l i t a r y  C h a r a c t e r i s t i c s  f o r  
XW-5, XW-7, XW-13 Warheads .I1) 

- (2)  Mobil i ty:  

( a )  A l l  equipment i n  t h e  m i s s i l e  system s h a l l  be 
a s  mobile over  unimproved roads  and f i e l d  t e r r a i n  a s  heavy a r t i l l e r y .  
It s h a l l  be e i t h e r  mounted i n  vans,  t r u c k s ,  o r  t r a i l e r s ,  o r  be 
capable  of being e a s i l y  loaded under f i e l d  cond i t i ons  i n t o  vans ,  
t r u c k s ,  o r  t r a i l e r s .  S p e c i a l l y  designed t r a n s p o r t ,  i f  any, should 
employ s tandard  c h a s s i s  t o  t h e  maximum e x t e n t  p o s s i b l e .  Vans 
should be s t anda rd  where p o s s i b l e .  The weight ,  dimensions, and 
wheel loading  of t h e  v e h i c l e s  adopted o r  designed f o r  t h i s  m i s s i l e  
system w i l l  n o t  exceed t h e  l i m i t a t i o n s  p re sc r ibed  i n  Sec t ion  I1 of 
AR 700-105. 

(b)  Being on s i t e ,  i n  t r a v e l i n g  p o s i t i o n ,  no more 
than  two hours s h a l l  be r equ i r ed  t o  emplace t h e  m i s s i l e  system i n  a  
p rev ious ly  prepared p o s i t i o n  (necessary  survey and engineer  p ioneer  
work completed) and t o  f i r e  t h e  f i r s t  m i s s i l e  a t  a  p rev ious ly  des ig -  
na ted  t a r g e t .  

( c )  The m i s s i l e  system equipment s h a l l  be capable  
of going "out of ac t ion"  and i n t o  t r a v e l i n g  p o s i t i o n  i n  no t  more 
than  one-half hour,  inc luding  removing an  e r e c t e d  m i s s i l e  from each 
launcher .  
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(d )  A l l  equipment i n  t h e  m i s s i l e  sys tem s h a l l  be 
c a p a b l e  o f  t r a n s p o r t  w i t h o u t  damage by a i r  i n  Phase  I11 o p e r a t i o n s  
(Refe rence ,  DA SR 705-30-10). C a p a b i l i t y  of t r a n s p o r t  by C-119 
a i r c r a f t  i s  h i g h l y  d e s i r a b l e .  

( e )  The d e s i g n  o f  major i tems o f  t h e  m i s s i l e  , sys-  
tem s h a l l  p r o v i d e  f o r  c e n t e r  o f  g r a v i t y  and weight  markings and 
t h e  n e c e s s a r y  t i e  down f i t t i n g s  r e q u i r e d  f o r  t r a n s p o r t a t i o n  i n  
m i l i t a r y  c a r g o  a i r c r a f t  , and f o r  l i f t i n g  t r a n s p o r t .  

(3)  S a f e t y :  

( a )  The a tomic warhead s h a l l  i n c l u d e  t h e  s a f e t y  
f e a t u r e s  r e q u i r e d  t o  g i v e  t h e  h i g h e s t  p o s s i b l e  a s s u r a n c e  t h a t  a  
n u c l e a r  e x p l o s i o n  w i l l  n o t  o c c u r  a t  u n s a f e  a l t i t u d e s  over  f r i e n d l y  
t r o o p s .  I n  any c a s e ,  t h e  p r o b a b i l i t y  o f  such  an  e x p l o s i o n  s h a l l  be 
l e s s  t h a n  1 i n  10 ,000 .  These  s a f e t y  d e v i c e s  s h a l l  a l s o  be e f f e c -  
t i v e  f o r  m i s s i l e s  which burn  on t h e  l a u n c h e r ,  o r  impact i n  f r i e n d l y  
t e r r i t o r y  . . . . 

( b )  Maximum s a f e t y  p r o v i s i o n s  s h a l l  be i n c o r p o r a t e d  
i n  t h e  m i s s i l e  sys tem t o  reduce  t h e  h a z a r d s  t o  u s i n g  t r o o p s  and t o  
f r i e n d l y  p e r s o n n e l  and i n s t a l l a t i o n s .  These  p r o t e c t i v e  measures 
s h a l l  be c o o r d i n a t e d  i n  accordance  w i t h  Memoraildurn ~ 4 / ~ 4  - 45629, 
G4, Department of t h e  Army, 27 J u l y  1951, s u b j e c t :  " F i e l d  P r o t e c -  
t i v e  Measures f o r  Guided M i s s i l e  Launching and Hand1 i n g  Crews. I '  

( 4 )  Read iness :  A f t e r  t h e  m i s s i l e  i s  p r e p a r e d  f o r  
f i r i n g  and t h e  warhead i s  a t t a c h e d ,  and a f t e r  t h e  m i s s i l e  i s  - 
e r e c t e d  on i t s  l a u n c h e r  and o r i e n t e d  on t h c  a s s i g n e d  t a r g e t ,  t h e  
sys tem s h a l l  be c a p a b l e  of f i r i n g  t h i s  m i s s i l e  on a s  l i t t l e  a s  
5 minutes  n o t i c e .  The m i s s i l e  s h a l l  be c a p a b l e  o f  remain ing  i n  
t h i s  r e a d i n e s s  c o n d i t i o n  f o r  a t  l e a s t  72 hours  w i t h  no f u r t h e r  
checks  r e q u i r e d ,  and,  i f  n o t  f j r e d ,  be c a p a b l e  of be ing  r e t u r n e d  
t o  s t o r a g e  c o n d i t i o n .  The r e l i a b i l i t y  requ i rement  s t a t e d  i n  p a r a -  
g raph  6a  ( 1 )  ( b )  above,  a p p l i e s ,  i f  f i r e d  a t  any t ime d u r i n g  t h e  
e n t i r e  p e r i o d  of read i .ness .  

(5 )  O p e r s b i l i t y :  Equipment s h a l l  be c a p a b l e  of a l l -  
wea ther  o p e r a t i o n  b o t h  day and n i g h t .  Provi .s ions  s h a l l  be i n c o r -  
p o r a t e d  f o r  complete  b l a c k o u t  o p e r a t i o n s .  

( 6 )  -- Environment: - - - ---. T h e  m i s s i l e  sys tem shnl.1 be capable 
of o p e r a t  ion  and s t o r a g e  under enviro~nlent :n l  condiLious  normal ly  
found i r l  i h e  f i e l d  i n c l u d i n g  t l le f o l l o w i n g  s p e c i f i c  requirements: 

(a)  Temperatul-c (I-!.efercnce --.-- SIX 705-70-5) . 
1.. The ~ i ~ i s s i l e  sys tcm s h a l l  be. des igned  t o  - 

have t h e  i n h e r e n t  c s p a b j . l i t y  of accr iptnhlc  performance wj. thin an 
0 

a i r  tcmpc?r:?iure range  ~xtenclili:;  fi-o:x 125 F (r:iininur;: t.xposuri. of  
4  h o u r s  w i t h  Cul l  in,pact: of  s o l a r  r a d i a t i o n ,  360 ~ l ' i ) / f t .  s ~ / I - ! ~ )  t o  
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- 2 5 ' ~  (minimum exposure of 3  days wi thout  b e n e f i t  of s o l a r  r a d i a -  
t i o n ) .  The m i s s i l e  system s h a l l  be capable  of s a t i s f a c t o r y  opera-  
t i o n  i n  t h e  co lde r  range  of - 2 5 ' ~  t o  - 6 5 ' ~  (exposure f o r  a t  l e a s t  
3 days without  b e n e f i t  of  s o l a r  r a d i a t i o n )  w i t h  t h e  p r o v i s i o n  of 
s p e c i a l  a c c e s s o r i e s  and w i n t e r i z a t i o n  k i t s .  The p rov i s ion  of 
w i n t e r i z a t i o n  k i t s  should n o t  de l ay  t h e  development of t h e  b a s i c  
system. 

2. The m i s s i l e  system s h a l l  be s u s c e p t i b l e  
of  s a f e  s t o r a g e  and t r a n s p o r t a t  ion wi thout  permanent impairment of 
i t s  c a p a b i l i t i e s  from t h e  e f f e c t  of temperatures  from - 8 0 ' ~  f o r  

* p e r i o d s  of a t  l e a s t  3  days d u r a t i o n ,  t o  1 6 0 ' ~  f o r  pe r iods  a s  long 
a s  4 hours  p e r  day. 

(b) Barometr ic  P re s su re .  The equipment s h a l l  be 
designed and cons t ruc t ed  s o  a s  t o  permit  l aunching  a t  a tmospheric  - 
p r e s s u r e s  encountered from s e a  l e v e l  up t o  10,000 f e e t  above s e a  
l e v e l .  However, wh i l e  i t  is  r equ i r ed  t h a t  t h e  system ach ieve  a  
minimum range of 25 n a u t i c a l  mi l e s  a t  a l l  launching a l t i t u d e s  from 
s e a  l e v e l  up t o  5,000 f e e t ,  a t  a l t i t u d e s  above 5,000 f e e t ,  t h e  r e -  
quirement of t h e  25 n a u t i c a l  mi le  minimum range w i l l  be r e l a x e d  t o  
such a  degree a s  a b s o l u t e l y  necessary .  It is  d e s i r e d  t h a t  t h i s  ex- 
tended minimum range n o t  exceed 32 n a u t i c a l  mi l e s  a f t e r  launching a t  
10,000 f e e t .  Such d ivergences  i n  minimum ranges w i l l  be c l e a r l y  
no ted  and de f ined  i n  a p p r o p r i a t e  f i r i n g  t a b l e s .  

; (c )  Winds. The equipment s h a l l  be so  designed and 
cons t ruc t ed  a s  t o  be ope rab l e  i n  s u r f a c e  wind speeds up t o  50 mi l e s  
per  hour and wi th s t and  wi thout  damage winds up t o  80 mi l e s  per  hour.  

(d) Humidity. The equipment s h a l l  be  s o  designed 
and cons t ruc t ed  a s  t o  perform i t s  intended f u n c t i o n  a t  a l l  r e l a t i v e  
humid i t i e s  up t o  100% a t  a l l  temperatures  below 9 0 ' ~ ;  and i n  t hose  

0 
tempera tures  above 90 F a t  a l l  r e l a t i v e  humid i t i e s  up t o  t h e  maximum 
o b t a i n a b l e .  

(e)  Weather. The m i s s i l e  and a s s o c i a t e d  equipment 
s h a l l  be  capable  of  o p e r a t i o n  under weather c o n d i t i o n s  encountered 
i n  t h e  f i e l d .  They s h a l l  be designed t o :  

1 .. Withstand t h e  e f f e c t s  of t r o p i c a l  condi-  
t ions ,  p a r t i c u l a r l y  extremes of hea t  and humidity,  fungus, swarms 
of i n s e c t s ,  s e a  spray ,and  blowing sand.  

2. Withstand damage from a l l  types  of d u s t .  

3.  B e ' o p e r a b l e  by personnel  d r e s sed  i n  heavy - 
a r c t i c  c l o t h i n g .  

(7 )  Checkout and Maintenance. The e n t i r e  m i s s i l e  sy s -  
tem s h a l l ' b e  designed t o  f a c i l i t a t e  easy checkout and replacement  
of d e f e c t i v e  p lug - in  components and p a r t s .  
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b .  M i s s i l e .  
i 

(1) P r o p e l l a n t s .  S a f e t y  and e a s e  o f  p r o p e l l a n t  hand- 
l i n g  and p r e p a r a t i o n  f o r  f i r i n g  s h a l l  be s t r e s s e d  i n  t h e  m i s s i l e  
d e s i g n .  - 

( 2 )  Warhead At tachment .  The m i s s i l e  s h a l l  be  des igned  
t o  a l l o w  a t t achment  o f  t h e  warhead w h i l e  t h e  m i s s i l e  i s  i n  t h e  h o r i -  
z o n t a l  p o s i t i o n .  S a f e t y ,  s i m p l i c i t y ,  and e a s e  of a t t achment  s h a l l  
be s t r e s s e d .  

( 3 )  Packaging and Assembly. The m i s s i l e  s h a l l  be  s o  
packaged a s  t o  w i t h s t a n d  t r a n s p o r t  by r a i l ,  s h i p ,  o r  a i r c r a f t ,  by 
motor v e h i c l e  o v e r  rough roads  and c r o s s  c o u n t r y ,  and t h e  normal 
h a z a r d s  of l o a d i n g ,  un load ing ,  and h a n d l i n g  i n c i d e n t  t o  t r a n s p o r t  
and s t o r a g e .  A minimum of  s k i l l  and l e s s  t h a n  f o u r  man hours  of 
l a b o r  s h a l l  be  r e q u i r e d  t o  unpackage and complete  t h e  assembly of 
t h e  m i s s i l e  ( l e s s  warhead).  End opening c o n t a i n e r s  w i l l  be employed 
u n l e s s  some b e t t e r  scheme becomes a v a i l a b l e  i n  t h e  c o n t a i n e r  a r t .  

c .  Checkout and T e s t  E q ~ ~ i p m e n t .  

(1)  G e n e r a l .  A l l  t e s t  and checkout  equipment s h a l l  be  
a s  s i m p l e ,  r e l i a b l e ,  compact, and rugged a s  p o s s i b l e ,  and s h a l l  be  
d e s i g n e d  t o :  

( a )  Permi t  f u n c t i o n a l  t y p e  t e s t s  which w i l l ,  i n  
themse lves ,  i n d i c a t e  whether  o r  n o t  t h e  m i s s i l e  sys tem i s  o p e r a t i n g  
p r o p e r l y .  

(b) U t i l i z e  mult  i - v z f e r  o r  "gzng" s w i t c h e s ,  
l a b e l e d  f u n c t i o n a l l y .  

(2) T e s t  Equipment f o r  Ground C o n t r o l  - S t a t i o n s .  -. - T h i s  
t e s t  equipment s h a l l  be des igned  s u d h t h a t :  

( a )  It  i s  of t h e  " B u i l t - i n "  t y p e  wherever p o s s i b l e .  

( b )  It can  perform a  r a p i d  o v e r a l l  ground-equipment 
sys tem check f o r  d e t e r m i u a t  ion of i t s  r e a d i n e s s .  

(c )  A l l  equipment i s  inc luded  which i s  n e c e s s a r y  t o  
" t r o u b l e - s h o o t " ,  c a l i b r a t e ,  and p r e p a r e  a l l  i n d i v i d u a l  major e lements  
of t h e  ground c o n t r o l  s t a t i o n  f o r  o p e r a t i o n .  

( 3 )  M i s s i l e  T e s t  E q u T ~ w n t  f o r  S e r v i c e  R n t t c r y  Area.  
p- 

T h i s  t e s t  equipment s h a l l  be  designt.d such t h a t :  

( a )  Rjpicl f u n c t - i ~ n ~ l l  t e s t s  on t h c  m i s s i l e  can be  
performed wj t h  c h c  expcndi Lure of nc,t ovcr  one 111zn-lwur of l a b o r .  

( b )  l l a j o r  m i s s i l e  coll 'ponents, which a r e  non- 
f u n c t i o n i n g  o r  operaLing beyond to1 c rnncc  1 i n i t s  a r e  immcd i a t e l y  
i n d i c a t e d .  

( c )  Any d c f c c t i v c ,  p l u g - i n  t y p c  components, ~ r i t h i n  
a  major m i s s j l e  co-rlponcni, c a n  be r a p i d l y  i s o l ' i t ' d .  
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test  equipment s h a l l  be  des igned  s u c h  t h a t :  

( a )  It is  compact and of l i g h t  w e i g h t .  

( b )  A competent crew can  f u n c t i o n a l l y  check a m i s -  
s i l e ,  e i t h e r  i n  a h o r i z o n t a l  o r  l a u n c h i n g  p o s i t i o n ,  i n  f i v e  minu tes  
o r  l e s s .  

( 5 )  Power Supply .  Engine g e n e r a t o r s  r e q u i r e d  a s  p a r t  
o f  t h e  missile system s h a l l  b e  s e l e c t e d  from t h e  Army f a m i l y  of 
s t a n d a r d  e n g i n e  g e n e r a t o r s .  

(6)  T r a i n i n g  Equipment and Manuals.  

( a )  C o n c u r r e n t l y  w i t h  t h e  development o f  t h e  m i s -  
s i l e  sys tem,  t h e  development o f  t r a i n i n g  a i d s  and s p e c i a l  d e v i c e s  
r e q u i r e d  f o r  t h e  s c h o o l i n g  o f  u s i n g  and s e r v i c e  p e r s o n n e l  i s  
r e q u i r e d  . 

( b )  F i r i n g  t a b l e s ,  manuals n e c e s s a r y  f o r  p r o p e r  
emplacement, assembly,  checkout ,  l a u n c h i n g ,  gu idance ,  and r e p a i r  of 
missiles and a s s o c i a t e d  ground and t e s t  equipment ,  and l i s t s  of  
s t a n d a r d  and s p e c i a l  t o o l s ,  r e p a i r  and maintenance equipment ,  and 
s p a r e  p a r t s ,  w i l l  be  p rov ided  c o n c u r r e n t l y  w i t h  manufacture  o f  
major  i t ems  and combinat ions  f o r  i n i t i a l  p r o d u c t  i o n  a n d / o r  t r o o p  
t e s t s .  The t e c h n i c a l  manuals f u r n i s h e d  by t h e  c o n t r a c t o r s  w i l l  be 
p r e p a r e d  i n  accordance  w i t h  SR 310-10-10 and any o t h e r  p e r t i n e n t  
s p e c  i f  i c a t  i o n s .  

: (7 )  F i e l d  and Depot Maintenance T o o l s  & T e s t  Equipment. 
Wherever p r a c t i c a b l e  and cons  i s  t e n t  w i t h  t h e  m i s s  i o n  of t h e  gu ided  
missile system,  t h e s e  i t ems  w i l l  be  d e s i g n e d  s o  t h a t :  

( a )  Rapid f u n c t i o n a l  t e s t s  on m i s s i l e s ,  l a u n c h i n g  
and c o n t r o l  equipment i n c l u d i n g  rep lacement  components and major  
a s s e m b l i e s  can be  performed w i t h  minimum e x p e n d i t u r e  o f  t i m e .  

(b) T e s t s  o f  components and major  a s s e m b l i e s  w i l l  
r e v e a l  c i r c u i t  d i s c r e p a n c i e s  and l e a d  t o  i s o l a t i o n  of d e f e c t i v e  p a r t s .  

( c )  F i n a l  t e s t  of components and major a s s e m b l i e s  
a f t e r  r e p a i r  and replacement.  o f  p a r t s  i s  p rov ided  t o  i n s u r e  adequacy 
as rep lacement  i t ems  f o r  r e i s s u e  t o  u s i n g  t r o o p s  o r  r e t u r n  t o  s t o c k .  

(d )  S p e c i a l  t o o l s  and common t o o l s  a r e  p rov ided  t o  
p e r m i t  f a c i l e  d i sassembly  and reassembly  o f  equipment f o r  i n s p e c -  
t i o n ,  r e p a i r ,  and o v e r h a u l  o p e r a t i o n s .  

( e )  C a l i b r a t i o n  o f  c r i t i c a l  components and major  
assembl  i e s  may be accomplished.  
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CHANGE TO M C ' S  - 10 J u l y  1958: 

R e f e r e n c e  "a" c o n t a i n e d  t h e  M C ' s  b a s i c  t o  t h e  p r o j e c t  ( s e e  - 
Appendix I )  . Reference  "b" p rov ided  t h e  f i r s t  change t o  t h e  MC ' s  
a s  f o l l o w s :  

R a t e  o f  F i r e  ( P a r a  5h, Appendix I )  amended t o  r e a d :  

Maximum: 8  m i s s i l e s  p e r  l auncher  p e r  day.  
S u s t a l n e z :  2 missiles pc r  l aznchcr  nay r -- d q .  

STATEMENT OF REVISED M C ' S  --- - 1 4  DECEMBER 19G1: 

A s  a  r e s u l t  of  a  rev iew i n  J u l y  19G1 by r e p r e s e n t a t i v e s  of 
CONARC, Army A r t i l l e r y  Board, Army A r t  i l 1 e . a  & M i s s i l e  School ,  and 
Army Ordnance M i s s i l e  Command, a  s e r i e s  of f u r t h e r  changes  was 
recommended by r e f  ererice "c" and modi f i ed  by r e f e r e n c e  I'd". These  
changes  were i n c o r p o r a t e d  i n  a  new s t a t e m e n t  of r e v i s e d  M C ' S  and 
p u b l i s h e d  i n  OTCM 37917, 1 4  December 1961 ( r e f e r e n c e  "e") . The 
changes  r e c o r d e d  below cor respond  t o  pa ragraph  numbers i n  App. I. 

SECTIOIT I - GENERAL 

t# 
1. (9 E a t  enen t  of Reqoire inmt:  -- -- Sub;aragraph 434a(4) , 

Combat Dcvelopneni Objectives G~iiclc, C3: 1 Dcc 60 - -  
" F i e l d  A r t i l l e r y  Guidcd Miss i1.e System, Corps Suppor t  

(SERGEANT) ((:I) . A 75-naut  i c a i  - m i . l . e  s o l i d  p l o p c . l l ~ i n t  La11 i s  t i c  
guided m i s s i l e  f o r  d e l i v e r y  o f  atomic ar-id ni::;-atomic v.~arhcacls w i t h  
a  CEP of 300 meters u:, t o  maximum r a n g e .  '1: - '  SERGEANT w i l l  b e  
employed a s  mobi le  army o r  c o r p s  v e r y  1 ~ ' ~ a v y  nr t i l . l e l -y  n::a.inst a r e a  
t a r g e t s  t-o augnc>nt: and extend o t h e r  a r t i l l e r y  s u p p o r t  and t o  s u p p l e -  

J 5 L . 2  ~ i i l .  r e p l a c e  tllc CORPOKAL, mcnt. t a c t i c . a l  a i r  s u p p o r t .  Th": i L , > :  
m i s s i l e .  (LR) (Appr: p r i o r  56) (I?:  3 J L M  4 0 j  (;!: C o f O r d )  ." 
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Mission.  No Change (n /c )  . 
Development. n / c  

Competing C h a r a c t e r i s t i c s .  n / c  

SECTION I1 - OPERATIONAL CWLRACTERISTICS 

Performance C h a r a c t e r i s t i c s :  

a .  (@ Payload. 

(1) The m i s s i l e  s h a l l  be  capable  of c a r r y i n g  a  pay- 
load  of about  1500 pounds weight  and 30-inch d iameter  throughout 
i t s  des ign  range .  P rov i s ions  s h a l l  be  made f o r  in te rchange  of  
warhead s e c t  ions under f i e l d  c o n d i t i o n s .  Types of warhead sec -  
t i o n s  i n  o rde r  of p r i o r i t y  a r e :  

(a)  Atomic: A i r  b u r s t  and s u r f a c e  b u r s t ,  f o r  use 
a g a i n s t  personnel ,  i n s t a l l a t i o n s ,  and o t h e r  a p p r o p r i a t e  t a c t i c a l  
t a r g e t s .  

(b) Chemical, f o r  use  a g a i n s t  pe r sonne l .  

( c )  B i o l o g i c a l .  

(d) P r a c t i c e  warheads and dummy warheads. 

(2) P rov i s ion  s h a l l  be  made f o r  arming each type  of 
t a c t i c a l  warhead whi le  t h e  m i s s i l e  is i n  f l i g h t .  

b. @ Accuracy. Assuming t h e  launching s t a t i o n s  and 
t a r g e t  coo rd ina t e s  and ' rocke t  motor tempera ture  a r e  known -- 

(1) Required: CPE of  a c t u a l  ground ze ro  n o t  t o  
exceed 300 meters .  

(2) Desired:  CPE of  a c t u a l  ground z e r o  n o t  t o  exceed 
150 meters .  

(Targe t  t o  be  l o c a t e d  a t  an e l e v a t i o n  of 
above s e a  l e v e l . )  i 

(1) Maximum. Not l e s s  than  75 n a u t i c a l  mi les  from 
launch a t  a l t i t u d e s  of from s e a  l e v e l  up t o  8000 f e e t .  

(2) Minimum. Required: Not more than 25 n a u t i c a l  
m i l e s  from launch a t  a l t i t u d e s  of from s e a  l e v e l  up t o  5000 f e e t .  
A t  a l t i t u d e s  from 5000 t o  8000 f e e t  above s e a  l e v e l ,  t h i s  r e q u i r e -  
ment w i l l  be  r e l axed  t o  such a  degree a s  a b s o l u t e l y  neces sa ry .  
Desired:  Not more than 1 5  n a u t i c a l  mi l e s  from t h e  launching s i t e  
a t  a l t i t u d e s  up t o  5000 f e e t .  Not more t han  32 n a u t i c a l  mi l e s  a t  
a launching a l t i t u d e  of 8000 f e e t .  
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d. Propuls ion .  n / c  

e. Speed. n / c  

f .  (@ Guidance and Cont ro l .  

(1) Required: An a l l  i n e r t i a l  guidance system. ' 

(a )  Provis ions  s h a l l  be made t o  change and a d j u s t  
r a p i d l y  t a r g e t  p o s i t i o n  f o r  succeeding m i s s i l e s .  

(b) The system s h a l l  permit  engagement of t a r g e t s  
w i t h i n  approximately a  360 degree  s e c t i o n  by t h e  launcher  w i t h  no 
displacement  of equipment. 

(c )  Assuming proper  ope ra t ion  of t h e  motor and 
v e l o c i t y  c o n t r o l  devices ,  it i s  r equ i r ed  t h a t  t h e  m i s s i l e  w i l l  
impact w i t h i n  3,700 meters  of t h e  t a r g e t .  

(d) S u i t a b l e  o r i e n t a t i o n  instruments  s h a l l  be 
provided on o r  nea r  t h e  launcher  t o  permit  l ay ing  f o r  d i r e c t i o n  by 
a  t h e o d o l i t e  o r  o t h e r  s u i t a b l e  instrument  w i t h  t h e  r equ i r ed  accuracy.  

(2) Des i rab le :  A guidance system completely s e l f -  
conta ined  w i t h i n  t h e  m i s s i l e  which does not  emit e l e c t r o n i c  
r a d i a t i o n s  i s  d e s i r a b l e .  The c h a r a c t e r i s t i c s  s t a t e d  i n  (1) above 
should then  be included.  

g .  Cyc2. l~ Kzte. li/c 

h. (@ Rate  of F i r e .  

(1)  Maximum: 8 m i s s i l e s  per  launcher  per  day. 

(2) Sustained:  2 m i s s i l e s  per  launcher  per  day. 

i. (U) Time r-equired from cornplet ion of e r e c t i o n  t o  
launching should be he ld  t o  a minimum. 

6. S p e c i a l  C h a r a c t e r i s t i c s :  

a .  System. 

(1)  Rel iabi l .  i t y :  The r e l i a b i l i t y  of t h e  missi1.e 
system should be s u c h  t h a t :  

(d )  (O) The atomic warfiecld and t h e  m i s s i l e  system 
s h a l l  inc lude  a n t i -  janning and a l l  o t h e r  clcvices r equ i r ed  t o  i n su re  
a t  l e a s t  -- 38% probab i l i ky  O F  producing a nucl.ear explosion when t h e  
m i s s i l e  f a l l . ~  i n  c ~ m p  t e r r i t o r y  :ind w i th in  t-he a l lowable  l i m i t s .  
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(2) Mobility: 

(a)  A l l  equipment i n  t h e  m i s s i l e  system s h a l l  be 
a s  mobile over unimproved roads and f i e l d  t e r r a i n  a s  t h e  c ross  
country t r a v e l  c a p a b i l i t y  of the  system p r i m m o v e r s ,  a s  defined 
i n  TM 9-236. It s h a l l  be e i t h e r  mounted i n  vans, t rucks ,  o r  
t r a i l e r s ,  o r  be capable of being e a s i l y  loaded under f i e l d  con- 
d i t i o n s  i n t o  vans, t rucks ,  o r  t r a i l e r s .  Spec ia l ly  designed 
t r a n s p o r t ,  i f  any, should employ standard c h a s s i s  t o  the  maximum 
ex ten t  poss ib le .  Vans should be standard where poss ib le .  The 

.weight,  dimensions, and wheel loading of t h e  veh ic les  adopted o r  
designed f o r  t h i s  m i s s i l e  system s h a l l  not  exceed the  l i m i t a t i o n s  
prescr ibed f o r  highway, r a i l  and water  t r a n s p o r t a b i l i t y  i n  AR 705-8. 

(d) A l l  equipment i n  the  m i s s i l e  system s h a l l  be 
capable of t r anspor t  without damage by a i r  i n  Phase I11 opera t ions  
(Reference, AR 705-35). Capab i l i ty  of t r anspor t  by a i r  i n  Phase I1 
opera t  ions is  highly des i r a b l e .  

(e)  The design of major items of t h e  m i s s i l e  
system s h a l l  provide f o r  c e n t e r  of g r a v i t y  and weight markings and 
the  necessary t i e  down f i t t i n g s  requi red  f o r  t r anspor ta t ion  i n  
m i l i t a r y  cargo a i r c r a f t ,  and f o r  l i f t i n g  i n  connection wi th  a i r ,  
r a i l  and water  t r anspor t .  

(3) Safe ty :  

(a)  n /c  

(4) Readiness : 

Required: A f t e r  the  m i s s i l e  is  assembled on t h e  
launcher and o r i en ted  on t h e  assigned t a r g e t ,  t he  system s h a l l  be 
capable of f i r i n g  the  m i s s i l e  on a s  l i t t l e  a s  7% minutes n o t i c e  
during a period of four  hours. Desired: The system s h a l l  be 
capable of f i r i n g  t h e  m i s s i l e  on a s  l i t t l e  a s  5 minutes n o t i c e  
during a period of 72 hours. 

(5) Operabi l i ty :  n /c  

(6) Environmental Design: The m i s s i l e  system s h a l l  
be capable of s a t i s f a c t o r y  opera t ion  and s to rage  under b a s i c  and 
extreme environmental condi t ions  con ained i n  Sect ion  I1 AR 705-15. 
Under extreme opera t ing  condi t ipns ,  6 t e b a s i c  equipment may be 
modified, o r  s p e c i a l  equipment w i l l  be developed, whichever i s  
more p rac t i cab le .  The provis ion  of w i n t e r i z a t i o n  k i t s  should not  
de lay  development of t h e  bas ic  system. 
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(a) & - 2 .  D e l e t e d .  

(b) Baromet r ic  P r e s s u r e .  D e l e t e d .  . 

(c)  Winds. D e l e t e d .  -. 

, 
(d) Humidity.  D e l e t e d .  

( e )  Weather.  De le ted .  

(7) Checkout and Maintenance.  D e l e t e d .  

@) M i s s i l e .  

(1) P r o p e l l a n t s .  n / c  

(2) Warhead At tachment .  n / c  

(3 )  Packaging and Assembly. The m i s s i l e  s h a l l  be  s o  
t o  w i t h s t a n d  t r a n s p o r t  by r a i l ,  s h i p ,  o r  a i r c r a f t ,  by 

motor v e h i c l e  o v e r  rough r o a d  and c r o s s  c o u n t r y ,  w i t h  t h e  normal 
h a z a r d s  of l o a d i n g ,  un load ing ,  and h a n d l i n g  i n c i d e n t  t o  t r a n s p o r t  
and s t o r a g e .  A minimum of s k i l l  and l e s s  t h a n  one man hour of 
l a b o r  s h a l l  be  r e q u i r e d  t o  unpackage and complete  t h e  assembly of 
t h e  m i s s i l e .  

C .  (6) Checkout and T e s t  Equipment. 

(1 )  Genera l :  The e n t i r e  m i s s i l e  sys tem s h a l i  be  
des igned  t o  f a c i l i t a t e  e a s y  checkout .  A l l  t e s t  and checkout  
equipment s h a l l  be  a s  s i m p l e ,  r e l i a b l e ,  compact, and rugged a s  
p o s s i b l e ,  and s h a l l  be  d e s i g n e d  t o  pe rmi t  f u n c t i o n a l  t y p e  t e s t s  
which w i l l ,  i n  themse lves ,  i n d i c a t e  whether  o r  n o t  t h e  m i s s i l e  
sys tem is  o p e r a t i n g  p r o p e r l y .  

( 2 )  M i s s i l e  T e s t  ,Equipment f o r  S e r v i c e  Area:  T h i s  -- --- 
t e s t  equipment s h a l l  be  des igned  s u c h  t h a t :  

( a )  Rapid f u n c t i o n a l  t e s t s  on t h e  m i s s i l e  can be  
performed w i t h  t h e  e x p e n d i t u r e  of n o t  o v e r  two rnanhours ( r e q u i r e d )  
o r  one nianl~our ( d e s i r e d )  of l a b o r ,  i n c l u d i n g  cab1 i n g ,  l e v e l i n g  
and p o s i t i o n i n g  o f  t r a n s p o r t  v e h i c l e s .  

(b) Major m i s s i l e  c o q o n e n t s  which a r e  non- 
f u n c t  ionii lg o r  oper:it ing  beyond t o l e r i ~ n c e  I i rn i is  a r e  immeciistely 
i n d i c a t e d .  

( c )  A.ny d c f i ? c t  j.ve, p i  ug- in  t p p c  components, 
w i t h i n  n major m i s s i l e  component, c.an bc rapid1.p i s o l a t e d .  

( 3 )  T e s t  Ecruipnent - 1 . 2  fc;r L a u , ~ c h i n g  Area: T h e  l aunch ing  
s t a t i o n  s h 2 l l  i n c l u d e  ~ . ~ - p a c t  t c s t  ~quipment c a p l b l c  of d e t e c t i n g  
m i s s i l e  and f i r i n g  eqg ipncn t  funct-!ens d u r i n g  f i r i n g  sequences  
a 1  t c r  a s s c ~ : b l y  o f  u ~ i s s ;  I.(: 01.1 tllc. I c :~:l?c!?er.  
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d.  Power Supply. Engine gene ra to r s  r equ i r ed  a s  p a r t  of 

t h e  m i s s i l e  system s h a l l  be s e l e c t e d  from t h e  Army family of 
s tandard  engine g e n e r a t o r s .  

e .  T ra in ing  Equipment and Manuals. 

(1)  Concurren t ly  wi th  t h e  development of t he  m i s s i l e  
system, t h e  development of t r a i n i n g  a i d s  and s p e c i a l  devices  r e -  
qu i r ed  f o r  t h e  school ing  of us ing  and s e r v i c e  personnel  i s  r equ i r ed .  

(2) The t e c h n i c a l  manuals fu rn i shed  by t h e  c o n t r a c t o r s  
w i l l  be  prepared i n  accordance w i t h  AR 310-3eand any o t h e r  p e r t i n e n t  
spec i f  i c a t  ions.  

f .  Naintenance. The maintenance package w i l l  be developed 
and coord ina ted  i n  accordance wi th  AR 750-6.. The e n t i r e  m i s s i l e  
system s h a l l  be designed t o  f a c i l i t a t e  easy replacement of d e f e c t i v e  
p lug - in  components and p a r t s  wherever p r a c t i c a b l e  and c o n s i s t e n t  
w i th  t h e  mission of t h e  guided m i s s i l e  system, and approved DA 
Maintenance concept .  These items w i l l  be  designed so  t h a t :  

(1) Rapid f u n c t i o n a l  t e s t s  on m i s s i l e s ,  launching and 
c o n t r o l  equipment inc luding  replacement components and major 
assemblies  can be performed wi th  minimum expendi ture  of t ime. 

(2) T e s t s  of components and majdr assemblies  w i l l  r e -  
v e a l  c i r c u i t  d i sc repanc ie s  and l e a d  t o  i s o l a t i o n  of d e f e c t i v e  p a r t s .  

(3) F i n a l  t e s t  of components and major assemblies  
a f t e r  r e p a i r  and replacement of p a r t s  i s  provided t o  i n su re  ade- 
quacy a s  replacement i tems f o r  r e i s s u e  t o  us ing  t roops  o r  r e t u r n  
t o  s tock .  

(4) S p e c i a l  t o o l s  and common t o o l s  a r e  provided t o  
permit  f a c i l e  disassembly and reassembly of equipment f o r  iilspec- 
t i o n ,  r e p a i r ,  and overhaul  ope ra t ions .  

(5 )  C a l i b r a t i o n  of c r i t i c a l  components and major 
assemblies  may be accomplished. 



C(I DESIGN & DEATLOPMENT OF THE SERGEANT ROCKET MOTOR (U) 
, 

Tab le  
Number Page 

1. Rocket Motor and P r o p e l l a n t  I d e n t i f i c a t i o n  
Numbers.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  274 

2. SERGEANT R&D Rocket Motor Designs - Thiokol  
Chemical Corpora t ion ,  Redstone Div i s ion . . . . . . . .  275 

3 .  S t a t i c  T e s t  'Data-Huntsville-Loaded JPL-477 
Design Motors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  276 

4. S t a t i c  T e s t  Data-Huntsville-Loaded JPL-500 
Design Motors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  277 

5. Comparison of 477 and 500 Design Motors . . . . . . . . . .  278 

6. Comparison of TP-E8081 and TP-E8057 P r o p e l l a n t s . .  278 

7. XM-100 Rocket Motor P r i n c i p a l  Design Data. . . . . . . .  279 

SOUPXE: LAAP/TCC Report  TLD 320-66-290, June 1966, s u b j e c t :  
The SERGEANT Rocket Motor Research & Development - 
H i s t o r i c a l  Summary and Review from December 1953 
through November 1961. RSIC. 



APPENDIX I11 

Table 1 'r 

(U) ROCKET MOTOR AND PROPELLANT IDENTIFICATION NUMBERS 

Rocket Motor Designat ions 

Or ig ina l :  XM-12E1; XM-12E2 

I n t e r i m  : XM-53 

F i n a l  : XM-100 

Po lysu l f ide  & Ammonium Perchlora . te  S o l i d  P rope l l an t s  

Or ig ina l  I n t e r i m  F i n a l  

TRX-11OA . T-17E1 TP-E8080 

TRX-IIOB T-17E2 TP-E8081 

TRX-El51 - - TP-E8051 

TRX-El57 - - TP-E8057 

High Performance P rope l l an t s :  JPL-135; JPL-136; JPL-136A 
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Table 2 

(U) SERGEANT E D  ROCKET MOTOR DESIGNS - THICKOL CHEMICAL CORPORATION, REDSTONE DIVISION 
Cylindrical 
Crise Length 

171.5 in. 

166.0 in. 

141.0 in. 

132.5 in. 

109.0 in. 

137.0 in. 

120.0 in. 

120.0 in. 

141.0 in. 

141.0 in. 

Design Type 

Constant-Thrust/Moderatc Performance 

Constant-ThrustlModerate Performance 

constant-~hrust/Moderate Performance 

 egress ive-~hrus t /High Performance 

~egressive-Thrust/High Performance 

~egre s s ive -~h rus t / r ; ode ra t e  Performance 

  egress ive-Thrus tlHigh Performance 

Constant-~hrust/High Performance 

constant-Thrust/Moderate Performance 

constant-~hrust/Mcderate Performance 

Total Full-scale P&D Rounds Produced: 

Dis~os it ion 
Static Test 

of Rounds Prc 
p g G 2 F  

- 
w e d  
Total 

9 

3 

1 

0 

0 

0 

1 

1 

40 

20 - 
7 5 
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Motor 
S e r i a l  
Number 

14  
15  
16 
17 
18 
19 
20 
21 
23 
24 
2 5 
2 8 
29 
3 0 
3 2 
35  
3 6 
37 
45 
47 
50 
8 1 

Table  3 #) STATIC TEST DATA-HUNTSVILLE-LOADED JPL-477 DESIGN MOTORS (U) 

Date F i r e d  

9 May 56 
8 May 56 

20 J u n  56 
21 J u n  56 
17 J u l  56 
17 J u l  56 

6 Sep 56 
7 Sep 56 

10 Oct 56 
11 Oct 56 
18 Oct 56 
20 Mar 57 
21 Mar 57 
19 Dec 57 
24 J u l  57 
25 J u l  57 
22 Aug 57 
26 J a n  58 
17 Apr 58 
18 J u l  58 
17 J u l  58 
13 Aug 59 

T e s t  
Temp. 
(OF .) 

3 0 
70 - 2 

100 
-25 
130 
130 
126 
6 8 
69 
47 

116 
118 

55 
7 8 

130 
130 

7 2 
0 
0 

7 7 
130 

P rope l l an t  
Weight 

(pounds) 

5,851 
5,828 
5,862 
5,888 
5,848 
5,882 
5,816 
5,808 
5,820 
5,852 
5,815 
5,846 
5,866 
5,847 
5,782 
5,875 
5,829 
5,824 
5,839 
5,839 
5,851 
5,873 

Burning 
T ime 

( sec )  

25.74 
23.40 
26.96 
22.33 
28.30 
21.60 
22.15 
22.20 
24.39 
24.29 
25.45 
22.86 
22.34 

b 
23.80 

C 

21.60 
24.80 
27.90 
27.90 

- 24.00 
25.84 

Maximum 
Pressu re  

( p s  i a )  

522 
545 
53 2 
622 
472 
663 
622 
613 
534 
533 
530 
622 
583 
573 
620 

C 

632 
56 1 
507 
564 
579 
540 

NOTES : 

%ot a v a i l a b l e .  Thrus t  recording  equipment malfunctioned. 

b ~ o t o r  c a s e  f a i l e d  a t  a f t  end 20.63 seconds a f t e r  i g n i t i o n .  

Average 
Thrus t  
(pounds) 

38,098 
43,116 

a 
45,505 
33 3 580 ..., 

46,819 - 
46,370 
45,437 
40,088 
40,757 
38,063 
45,014 
46, 524b 
37,274 
41,339 

C 

47,127 
38,680 
32,040 
33,980 
41,680 
37,140 

T o t a l  
Impulse 
( lb-sec)  

1,077,417 
1,109,232 

a 
1,106,772 
13045,159 
1,100,966 
1,112,578 
1,105,482 
1,081,611 
1,078,385 
1,060,643 ' 

1,112,300 
1,122,256 

b 
1,074,837 

C 

1,108,062 
1,040,  000 

99l,93O 
1,059,000 
1,095,000 
1,065,000 

C B a l l i s t i c  d a t a  n o t  a v a i l a b l e .  
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Table 4 
0 STATIC TEST DATA-HUXTSVZLLE -LOADED JPL-500 DESIGN MOTORS (U) 

Date F i r e d  

11 Jun 58 

10 Jun  58 

22 J u l  58 

27 Aug 58 

21 J u l  58 

23 .4xg 58 

23 Jrln 59 

24 Sey 58 

25 Seg 53 

30 Oct 58 

12 hug 59 

8 .7ul 59 

Tes t  
Temp. 
(OF .) 

-19 

129 

7 7 

30 

0 

100 

3 

3 0 

- 
130 

100 

a 

P rope l l an t  
Weight 

(pounds) 

5,888 

5,891 

5,908 

5,925 

5,912 

5,919 

5,896 

5,909 

5,896 

5,901 

5,903 

5,906 

Burning 
Time 
( sec )  

29.00 

20.96 

23.80 

26 .OO 

28.10 

23 .OO 

- 
25.70 

27 . i O  

2i. 40 

- 
- 

Maximum 
Pressure  

(ps  ia) 

582 

648 

57.7 

5 40 

49 5 

617 

- 
532 

512 

668 

- 
- 

Average 
Thrust  
(pounds) 

32,830 

48,820 

42,060 

39,080 

34,920 

45,340 

- 
38,180 

. 35,240 

48,360 

- 
- 

d 
%Totor was condit ioned a t  +130°r". f o r  7 days, followed by 9 hours a t  -25'~. 

T o t a l  
Impulse 
( lb-sec)  
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Table  5 
6 COMPARISON OF 477 AND 500 DESIGN MOTORS (U) 

Phys i ca l  C h a r a c t e r i s t i c s  

Motor Overa l l  Length, i n .  
Gross Motor Weight, l b s .  
Case C y l i n d r i c a l  Length, i n .  
Case Outs ide  Diameter, i n .  
Case Thickness ,  i n .  
Case Weight, l b s .  
Nozzle Throa t  Area, sq.  i n .  
Nozzle E x i t  Area, sq.  i n .  
Expansion R a t i o  
L ine r  Weight, l b s .  
Gross P r o p e l l a n t  Weight, l b s .  

Table  6 
19) COMPARISON OF TP-E8081 AND T P - E & ~ ~  PROPELLANTS (U) 

M a t e r i a l  

Ammonium P e r c h l o r a t e  

LP-33 Liquid  polymer 

p-quinone dioxime (GMF) 

Magnesium oxide  

S u l f u r  

Nylon tow 

Dipheny 1 guanidine (DPG) 

Funct ion  

Oxid izer  

F u e l  & binder  

Curing agent  

Reinforc ing  
agent  

Cur ing  
Acce le ra to r  

Reinforc ing  
agen t  

Re in fo rc ing  
agent  

Weight, % 
TP-E8081 TP-E8057 
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Tab le  7 
(# XbI-loo ROCKET MOTOR PRINCIPAL DESIGN DATA (U) 

VALUE . 
0 Temperature Limi ts .  F . 

Operat ing L imi t s  ........................ -30 t o  +I30 . 

Sto rage  Limi ts  .......................... -40 t o  +I30 

Motor 
Gra in  Conf igu ra t i on  ..................... 
T o t a l  weight .  l b s  ....................... 
T o t a l  l eng th .  i n  ........................ 
Line r  weight.  l b s  ........................ 
Line r  c o r e  po t  weight.  l b s  .............. 
P r o p e l l a n t  weight .  l b s  . .................. 
P r o p e l l a n t  volume. cu . i n  ............... 
Loading d e n s i t y .  c r o s s - s e c t i o n a l .  % ..... 
P r o p e l l a n t  burning su r f ace .  sq . i n  ...... 
Area r a t i o  ............................... 
P o r t  a r e a l t h r o a t  a r e a  ................... 

Case -.- 
M a t e r i a l  .........................,...... 
Ul.tim3te stress, p s i  .................... 
l i i n i ~ u m  y i e i d  s t r e n g t h ,  p s i  ............. 
Minimurn th i cknes s  , i n  ................... 
Nominal t h i c l a e s s ,  i n  ................... 
Hydros t a t i c / ave rage  p r e s s u r e  ............ 
~ ~ c l r o s t n t i c / n a x i m u m  p r e s s u r e  ............ 
~ y d r o s ' c a i i c / m i u i ~ ~ u r n  y i e l d  p r e s s u r e  ...... 
Outside diameter .  i n  .................... ........................ Case ~ ~ c i g h t ,  l b s  

5  Po in t  S t a r  
7. 069 
202 
97 + 12  
3.0 f. 0 . 5  
5. 903 + 45 
99. 244 
85.3 
13. 091 
228 
1.78 

4130 S t e e l  
J.65,000-185,000 
135. 000 
0.103 
0.109 
1.587 
1.328 
0.868 
31.0 + 1/32 
630 

Nozz1.e -----.-.- 
N a t e r i a l ,  nozz l e  body ................... 1020 S t e e l  
M a t e r i a l ,  t h r o a t  i n s e r t  ................. 
Ult imate  s t r e s s .  p s i  .................... 
Minirmir, y i e l d  s t r e n g t h ,  p s i  .............' 
Throat a r e a .  sq  . i n  ..................... 
Ex;-t ~ ~ r c a .  s q  . i n  ....................... 

......................... Lxpan:; ioi-1 r a t i o  
T h r v s  i coo? f i c i e n t  .................... .. 
Dischiirgc c o e f f i c i e n t  ................... 

Graph i t e  
69. 000 
4.8,OOO 
57.42 
309.47 
5.39 
1 .45  
0.97 
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SERGEANT R&D F l i g h t  T e s t  Program (U) 

- Table  
Number Page 

1. Ai r f  rame-Propuls ion  F e a s i b i l i t y  Demonstration 
Firings-19 Jan 56 - 26 Nov 57.. . . . . . . . . . . . . . . . . . .  282 
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23 O c t  58...................00.................... 283 

3. Phase 111 Experimental Model Fir ings-11 Dec 58 - 
29 O c t  59........0..0...0......................... 285 

(The r e s u l t s  of  Phase N and Phase V Engineering Model f l i g h t  
t e s t s  are presented  i n  t h e  t e x t .  - See pp. 168-72, 178-82, 
190-96.) 

SOURCE: JPL F i n a l  Report  20-137, 1 O c t  60. RSIC. 
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TABLE 1. (9 Airf rame-Propuls ion  F e a s i b i l i t y  Demonstrat ion Fir ings-19 January  1956 - 26 November 1957 (U) 

F l t  
N r  

2  

3 

4 

5 

6 

F i r i n g  
Date  

19  J a n  5f 

28 Feb 56 

Rd 
N r  

1 1  

2 

3 

4 

5 

6 

24 Apr 56 

3 Nov 56 

16 Apr 57 

F i r i n g  C o n f i g u r a t i o n  
M i s s i l e  I Ground Equipment . . 

Type 329 motor w/T17E1 prope l -  I n t e r i m  f a c i l i t i e s  a t  WSMR 
l a n t ;  d ragbrakes ;  modified CPL ALA-1; i n t e r i m  t r a n s p o r t e r ;  
I1 a u t o p i l o t  & gyros ;  two 14- t a b l e  type  l a u n c h e r ;  m i s s i l e  
channel  t e l e m e t e r i n g  systems;  e r e c t e d  w i t h  g a n t r y  c r a n e ;  
DPN-19 t r a c k i n g  beacon; a i r  P&D f i r i n g  c o n s o l e  w i t h  
t u r b i n e  a l t e r n a t o r ;  DRW-4 5-second f i r e  sequence.  
d e s t r o y  r e c e i v e r ;  nose p lugs  
& t a i l  p lug ;  dummy warhead. 

Same a s  Round 1; Same a s  Round 1. 
( I n t e n t i o n a l  m i s s i l e  breakup 
j u s t  p r i o r  t o  impact t o  a i d  
i n  s t u d y  of  aerodynamic 

Same a s  Round 1 p l u s  a c c e l e r -  Same a s  Round 1 w / a d d i t i o n  
ometer used t o  g u i d e  m i s s i l e  o f  a  new wedge-type f lame 
i n  yaw a f t e r  changeover;  two d e f l e c t o r .  
16-channel t e l e m e t e r i n g  
systems.  

Same a s  prev ious  rounds w i t h  Same a s  prev ious  rounds p l u s  
a d d i t i o n  of  Type 477 motor; a u t o p i l o t  t e s t  u n i t ;  c o o r d i -  
Lear-Bomarc c o o r d i n a t e  con- n a t e  c o n v e r t e r  au tomat ic  
v e r t e r ;  two breakaway boxes. t e s t  u n i t ;  s u p e r s t r u c t u r e  of 

p r o t o t y p e  e r e c t o r - l a u n c h e r  
mounted on temporary A-frame. 

Same a s  prev ious  rounds w i t h  Same a s  prev ious  rounds w i t h  
a d d i t i o n  of  d ragbrake  e l e c -  a d d i t i o n  of  d i s h  t y p e  flame 
t r i c  a c t u a t o r ;  gyro  e x p e r i -  d e f l e c t o r .  
ment. Type 477 motor 
c o n d i t i o n e d  t o  55 '~ .  

Modified dragbrake  e l e c t r i c  Experimental  l auncher  
a c t u a t o r ;  body-fixed a c c e l -  t r a i l e r  frame; dummy f i r i n g  
e rometers ;  g y r o / a c c e l e r o -  s e t  and gas  t u r b i n e  enc lo-  

f l u s h - t y p e  an tenna ;  s p e c i a l  t o  e v a l u a t e  e f f e c t s  o f  
t u n n e l  s e c t i o n  bonded t o  b l a s t .  

R e s u l t s  

Second c o n t r o l l e r  c y c l i n g  of  d ragbrakes  
f a i l e d - s h o r t  i n  a c t u a t i n g  s o l e n o i d ;  b o t h  
c l e a n  m i s s i l e  and dragbrake  d r a g  h i g h e r  
t h a n  p r e d i c t e d ;  aerodynamic v i b r a t i o n  
h i g h e r  than  expec ted ;  unscheduled t r i g g e r -  
ing  of DPN-19 i n  f l i g h t .  

S a t i s f a c t o r y  o p e r a t i o n  observed  throughout 
f l i g h t ;  good tempera ture  d a t a  o b t a i n e d  from 
breakup opera t ion- -no  unexpected r e s u l t s ;  
g e n e r a l  c o n f i r m a t i o n  of  Round 1 r e s u l t s .  

F a i l u r e  of speed r e g u l a t i n g  system caused  
h i g h e r  than  normal v o l t a g e s  and frequency 
over  much of f l i g h t ;  timed o p e r a t i o n s ,  such  
a s  brake  opening and c l o s i n g ,  t o o k  p l a c e  
ahead of  schedule ;  s e v e r e  v i b r a t i o n  noted  
d u r i n g  high-drag p o r t i o n s  of  b r a k i n g  
p e r i o d s .  DPN-19 f a i l e d  a t  about  T + 70. 

A l l  t e s t  o b j e c t i v e s  ach ieved .  T h r u s t  
g r e a t e r  than  expec ted ;  d r a g  lower than  
expec ted  . 

E l e c t r i c  a c t u a t o r  f a i l e d  t o  r e t r a c t  d rag-  
brake  b l a d e s  a t  end of t h e  . f i r s t  c y c l e ;  
b l a d e s  remained open u n t i d t h e  second 
c l o s i n g  t ime.  * 
Due t o  e l e c t r i c  a c t u a t o r  f a i l u r e ,  dragbrakes 
90% opened f o r  30 seconds d u r i n g  f i r s t  c y c l e  
then were f u l l y  extended and remained o u t  
throughout f l i g h t ;  motor tempera ture  7 6 ' ~  
i n s t e a d  of  65OF.; a l l  o t h e r  o b j e c t i v e s  
accomplished.  
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TABLE 1 .  ( a ~ i r f r a m e - P r o p u l s i o n  F e a s i b i l i t y  Demonstrat ion Fir ings-19 January  1956 - 26 November 1957 (U) (Continued) 

F i r i n g  C o n f i g u r a t i o n  
M i s s i l e  1 Ground Equipment 

11 J a n  58 

.4 Mar 58 

1 May 58 

9  May 58 

R e s u l t s  

Dragbrakes d i d  n o t  open f o r  t h e  second 
cyc le -miss i le  a i r  supply p r e s s u r e  had been 
reduced too  low t o  a c t i v a t e  t h e  brakes ;  
good d a t a  ob ta ined  from o t h e r  experiments.  

T y p e  477 motor w/~17E2 pro- 
p e l l a n t  condi t ioned  t o  9 5 O ~ . ;  
f i r s t  SGT i n e r t i a l  p l a t f o r m  
system & range  computer; 
parameter  i n s e r t e r ;  a i r  a c t u -  
a t e d  dragbrakes ;  guidance 
s e c t i o n  10 inches l o n g e r .  

P r o p u l s i o n  round guidance-- 
same a s  prev ious  rounds w i t h  
a d d i t i o n  of e l e c t r i c a l l y  
a c t u a t e d  dragbrakes  wi th  dc 
motor; yaw acce le rometer  con- 
t r o l  d u r i n g  burn ing  phase.  

R o l l  t r a n s i e n t  o f  8  degrees  a t  t a k e o f f ;  
u n i n t e n t i o n a l  a c t i v a t i o n  of t h e  m i s s i l e  
d e s t r u c t o r  a t  T  + 193 seconds--probably 
caused by r e l a y  c h a t t e r ;  a l l  o t h e r  
experiments s u c c e s s f u l .  

RAD t e s t  t r a i l e r  f o r  checking 
m i s s i l e  e l e c t r o n i c s ;  go-no-go 
f l a p  p o s i t i o n  s e n s o r s ;  com- 
p l e t e  e r e c t o r - l a u n c h e r  w i t h  
no tie-down of wheels;  dummy 
e n c l o s u r e s  on launcher .  

Same a s  p r e v i o u s  rounds.  

TABLE 2. (C.) Phase I1 Experimental  ~ 6 d e l  F i r ings-21  January  1958 - 23 October 1958 (U)  

M u l f i p i e c e  a i r f r a m e ;  q u i c k  
d i s c o n n e c t  f i n  assembl ies ;  
e l e c t r i c a l l y  a c t u a t e d  per-  
c u s s i o n  i g n i t i o n  system; 
t r a n s i s t o r i z e d  XM a u t o p i l o t ;  
Mod I1 e l e c t r i c a l l y  a c t u a t e d  
dragbrakes ;  p i t c h ,  yaw, and 
r o l l  r a t e  gyros  o p e r a t i n g  
i n t o  gu idance  system; Type 
477 motor c o n d i t i o n e d  t o  45'~.  

T h i s  round brought t o g e t h e r  
f o r  f i r s t  t ime t h e  n e a r l y  com- 
p l e t e d  XM guidance system and 
Block I1 ( m u l t i p i e c e )  a i r f r a m e ;  
f i r s t  t e s t  of c o n t r o l l e r  a s  a  
comple te ly  f u n c t i o n i n g  u n i t ;  

c a l l y  locked s h u t ;  
ii%Sc?#ioned t o  55'~.  

F i r s t  f u l l y  guided XM m i s s i l e ;  
f i r s t  u s e  of h y d r a u l i c a l l y  
a c t u a t e d  dragbrakes ,  e l e v a t i o n  
computers ,  & range  computer. ~~~e 477 motor c o n d i t i b n e d  t o  
70 F. 

F u l l y  guided XM m i s s i l e - -  
same a s  prev ious  round. 

F i r s t  use  of SUEL XM-101 
e r e c t o r - l a u n c h e r ;  a l l  f i r i n g  
c i r c u i t s  powered by A i -  
Research gas  t u r b i n e  gener-  
a t o r  s e t  mounted on e r e c t o r -  
l auncher .  

F i r s t  o p e r a t i o n  from per -  . 
manent SERGEANT f a c i l i t y  a t  
ALA-2; f i r s t  complete opera-  
t i n g  e r e c t o r - l a u n c h e r ;  f i r s t  
u s e  of  ALA-2 t e l e m e t e r i n g  
ground s t a t i o n  a s  primary 
s o u r c e  of  JPL t e l e m e t r y  . 
r e c o r d i n g .  

Same a s  prev ious  round. 

Same a s  prev ious  round. 

M i s s i l e  i n t e n t i o n a l l y  broken up on r e - e n t r y  
and p i e c e s  recovered  f o r  s t u d y .  E r e c t o r -  
l auncher  and a u t o p i l o t  experiments success -  
f u l ;  d ragbrakes  f a i l e d  t o  c l o s e  a t  f i r s t  
c l o s i n g  command owing t o  f a i l u r e  of t h e  
brake  t r a n s m i s s i o n  s h a f t .  

P la t form misa l igned  about  4  d e g r e e s  i n  
p i t c h  a t  launch,  hence a  p i tch-up  command 
was on t h e  f l a p s  a t  t a k e o f f .  Motor b l a s t  
damaged t h e  GTGS cover .  

TARGET RANGE: 7  5 nm. 
IMPACT: 3,700 m long;  26,200 m r i g h t .  
A yaw r i g h t  and p i t c h  maneuver occur red  
j u s t  a f t e r  t akeof f - -apparen t  p l a t f o r m  
tumbling a t  o r  s h o r t l y  a f t e r  t a i l b r e a k .  

M i s s i l e  d e s t r o y e d  a c c i d e n t a l l y  a f t e r  about  
6 .8  seconds of f l i g h t .  



Short range f u l l y  guided XM 
missile--same a s  previous 
round with Type 477 motor 
condit  idned t o  94'~.  

Fu l ly  guided XM mis s i l e .  

APPENDTX N 
2. Phase I1 Experimental Model Firings-21 January 1958 - 23 October 1958 (U) (Continued) 

F i r s t  f l i g h t  of f u l l y  guided 
XM mis s i l e  over medium range 
t r a j e c t o r y .  XM-1 guidance 
computer; 0-33 dragbrake 
blades; Chemical warhead 
high-al t i tude  bu r s t .  Type 
477 motor conditioned t o  
7n0u 

Resul ts  

TARGET RANGE: 25 nm. 
RADIAL ERROR: 665 meters. 
F a i l u r e  of common power supply caused l o s s  
of DOVAP and f l i g h t  monitor a t  23 seconds. 
A l l  guidance components functioned properly.  
Glass f i b r e  b l a s t  d e f l e c t o r  f a i l e d  a t  launch. 

TARGET RANGE: 25 nm. 
RADIAL ERROR: 644 meters.  
Drag increment from modified dragbrake 
blades lower than expected, r e s u l t i n g  i n  
second and t h i r d  c los ings  of brakes by con- 
t r o l l e r  r a t h e r  than by range computer. 

-2 

F i r  ing Configuration 

F i r i n g  s e t  sequencer auto- 
mat i c a l l y  programmed f i n a l  
90 seconds of countdown. 
Launched from 1:10 slope. 

Miss i l e  

F i r s t  t e s t  of f u l l y  guided 
XM mis s i l e  a t  sho r t  (minimum) 
range. Type 477 motor con- 
d i t  ioned t o  90°F. 

Short  range t e s t  of XM mis- 
s i l e  with new 0-40 dragbrake 
blades ( cen te r  cut  out;  40% 
l e s s  surface) ;  f i r s t  XM 
i n e r t i a l  platform azimuth 
o r i e n t a t i o n  un i t  (AOU); 
XM-91 AK. Type 477 motor 
conditioned t o  86 '~ .  

Same a s  previous round. 

Off-pad launching from 
unpaved loca t  ion; e rec to r -  
launcher o r i en ted  30 degrees 
from azimuth of f i r e ;  d i sh  
type b l a s t  d e f l e c t o r .  

TARGET RANGE: 45 nm. 
RADIAL ERROR: 196 meters. 
Good guidance system performance. 

Ground Equipment 

Erector-launcher o f f  pad in 
unpaved loca t ion  (dese r t  
f l o o r ) .  F i r s t  f i e l d  opera- 
t i on  of XM-1 guidance t e s t  
s t a t i o n .  

XM-103 launcher wi th  AOU; 
two f i r i n g  s t a t i o n s  (XM-1 
with R&D monitoring equip- 
ment & XM-2 with XM f i r i n g  
c i r c u i t r y ) ;  4-foot diameter 
s t e e l  dish-type b l a s t  de- 
f l e c t o r  a t tached t o  turn- 
t a b l e  supe r s t ruc tu re .  

TARGET RANGE: 25 nm. 
RADIAL ERROR: 1,930 meters. 
Platform tumbled 3 degrees a t  launch; e l e -  
vat ion guidance f a i l e d  a t  8 seconds. 

TARGET RANGE: 75 nm. 
RADIAL ERROR: 2,260 meters.  

Second f l i g h t  of f u l l y  guided 
XM mis s i l e  over medium range 
t r a j ec to ry .  Biological  war- 
head; 14-23 dragbrake blades.  

6-foot diameter aluminum 
b l a s t  de f l ec to r .  

TARGET RANGE: 45 nm. 
RADIAL ERROR: 801 meters. 
Good guidance system performance. 



--APPENDIX IV 
TABLE 3. @ Phase I11 ~ x p e r i m e n t a l '  Model F i r ings-11  December 1958 - 29 October 1959 (U) - 

F i r i n g  1 
Date F i r i n g  Conf i g u r a t  ion/Exper imen t s  

11 Dec 58 F u l l y  guided XM m i s s i l e  w/XM-91 AK ( i n c l u d i n g  f i r s t  ADD 
package) and Type 477 motor c o n d i t i o n e d  t o  -20°F'. In -  
t e n t i o n a l  breakup of m i s s i l e  planned a t  about  3500 f t .  
above t e r r a i n  f o r  s tudy  of  s l i v e r  weight .  

23 Mar 59 F l i g h t  t e s t  e v a l u a t i o n  of Type 500 motor w/prope l lan t  
c o n d i t i o n e d  t o  -20'~.  ; 0-33 dragbrake  b l a d e s ;  XM-2 
guidance  p la t form;  XM-2 ADD package assembl ies ;  TX-22-5 
pyrogen b o o s t e r .  

25 Mar 59 Same a s  p r e v i o u s  round. 

25 Aug 59 F u l l y  guided XM m i s s i l e  wfype 500 motor condi t ioned  
t o  7 4 O ~ .  F i r s t  use  of Mod I1 dfagbrake  a c t u a t o r  and 
0-33 dragbrake  b l a d e s  f o r  s h o r t  range  f l i g h t .  Also 

a f i r s t  u s e  of second XM f i r i n g  s e t  computer; XM-4 con- 
t r o l  a m p l i f i e r ;  XM-3 c o n t r o l l e r ;  XM-3 GPU and XM-ZA 
I n t e g r a t e d  DC Power Supply;  Lear  Model 3050E c o n t r o l  
s u r f a c e  a c t u a t o r ;  XM-2 guidance computer; and d i g i t a l  
f l i g h t  monitor  supplement.  Ground Equipment: Modified 
parameter  c o n v e r t e r  and O m s  ~ 1 9 0 %  of t e s t s  autornati-  
c a l l y  sequenced.  

21 Oct 59 Equipment same a s  prev ious  round. F i r s t  round t o  be 
slewed a u t o m a t i c a l l y  t o  f i r i n g  azimuth;  f i r e d  from 
foxhole  about  75 y a r d s  from launching  s t a t i o n .  Human 
e n g i n e e r i n g  experiments:  moni tor ing  of l aunch  f o r c e s  
imposed on dummy i n s t a l l e d  i n  f i r i n g  s e t ;  sound l e v e l s  
w i t h i n  f i r i n g  s e t ;  and c o l l e c t i o n  of a_ir samples i n  
f i r i n g  s e t .  

26 Oct 59 Type 500 motor c o n d i t i o n e d  t o  1 0 0 ~ ~ .  F i r s t  u s e  of 
AN/DRW-11 d e s t r o y  r e c e i v e r ;  second u s e  of l auncher  
au tomat ic  s lewing  c a p a b i l i t y .  Ground Eqi!ipment: 
Ordnance Telemeter ing  6 I n s t r u m e n t a t i o n  S t a t i o n ;  
XM E m s ;  OMTS ~ 1 9 5 %  of  t e s t s  a u t o m a t i c a l l y  sequenced. 
Human e n g i n e e r i n g  experiments same a s  prev ious  round.  

R e s u l t s  

TARGET W G E :  70 nm. 
MISS DISTANCE: 170 meters  long;  25 meters  l e f t .  
The planned breakup of m i s s i l e  d i d  n o t  occur .  
No o t h e r  except ions  noted.  

TARGET RANGE: 75 nm. 
MISS DISTANCE: 129 meters  long;  520 meters  r i g h t .  
A 6000-meter e r r o r  noted i n  ADD system azimuth 
read ing .  

TARGET RANGE: 75 nm. - 
MISS DISTANCE: 846 meters  s h o r t ;  130 meters  l e f t .  
Time of f l i g h t  was 12  seconds s h o r t  because 
m i s s i l e  t r a j e c t o r y  was c o n s i d e r a b l y  lower than  
p r e d i c t e d .  

TARGET RANGE: 25 nm. 
MISS DISTANCE: 270 meters  long;  383 meters  l e f t .  
A r o l l  o s c i l l a t i o n  was p r e s e n t  d u r i n g  f i r s t  1 0  
seconds of f l i g h t .  

TARGET RANGE: 25 nm. 
MISS DISTANCE: 11 meters  long;  190 meters  l e f t .  
T h i s  round o r i g i n a l l y  scheduled t o  b e  f i r e d  w i t h  
Rd W25 i n  Aug.ust 1959, b u t  was de layed  by 
numerous d i f f i c u l t i e s  w i t h  ground equipment. 
A l l  t e s t  o b j e c t i v e s  were ach ieved .  

TARGET RANGE: 75 nm. 
MISS DISTANCE: 136 meters  long;  1105 meters  l e f t .  
S e v e r a l  b a t t e r y  f a i l u r e s  occur red  d u r i n g  at temp- 
t e d  countdown; apparen t  l o s s  of phase  two 400- 
c y c l e  power l a t e  i n  f l i g h t ;  p l a t f o r m  misa l igned  
i n  azimuth;  guidance p l a t f o r m  yaw gimbal tumbled 
l e f t  owing t o  l a c k  of  gimbal  t o r q u e r  power. 

TARGET RANGE: 75 nm. 
MISS DISTANCE: 17 meters  long;  124 meters  l e f t .  
M i s s i l e  f a i l e d  t o  launch  a t  z e r o ,  a l though a 
p a r t i a l  f i r i n g  command was s e e n  on t h e  c o n t r o l  
room meter .  

NOTE: Rounds 20, 23, 24, and 29 d e l e t e d  from f l i g h t  t e s t  schedule .  





GLOSSARY OF ABBREVLAT IONS 

Army B a l l  is  t i c  Miss i l e  Agency 
Accelerat ion 
Ass i s t an t  Chief of Ordnance 
Ass i s t an t  Chief of S ta f f  
Ass i s t an t  Chief of S t a f f  f o r  Force Development 
Acting 
Activate,  A c t i v i t y  
Act ivat ion 
Arming Decision Device 
Adjust,  Adjusted 
Administrat ive,  Administration 
Amy F i e l d  Forces 
Armed Forces Specia l  Weapons Pro jec t  
Agency 
Agreement 
Adaption K i t  
Army Launch Area 
Allocate,  Allocation 
Army Mater ie l  Command 
Army Mater ie l  Command Technical Committee Minutes 
Amendment 
American Machine & Foundry Company 
Analysis 
Annual 
Army Ordnance Miss i l e  Command 
Azimuth Orienta t ion Unit 
Append ix 
Approve, Approved 
Approval . 
Appointment 
Army Rocket & Guided Missile Agency 
Arsenal 
A r t i l l e r y  
Ass i s t an t  Secre tary  of t h e  Army 
Assign, A s s  igned 
Assignment 
Annual Service P r a c t i c e  
A s s  i s  t a n t  
Attach, Attached 
Army Training T e s t  
Augmen t a t  ion 
Authority, Authorize 

- B -  

~d-------- Board 
~f g------- Br ie f ing  
BG-------- Br igadier  General 



GLOSSARY OF ABBREVIATIONS (Cont) 

Block 
Bat t a l i on  
Branch 
Battery 
B r i t i s h  Thermal un i t   o our 
Between 
Budget 
Bacteriological  Warfare Laboratory 
Box 

Comptroller and Director of Programs 
Captain 
Chemical, Biological ,  and Radiological 
Combat 
Central  Control Computer System 
Counter-Countermeasure 
Combat Developments Command 
Corps of Engineers 
Commanding General 
Change 
Chief 
Circular  
Cal i fornia  I n s t i t u t e  of Technology 
C iv i l  ian 
Class i f  i c a t  ion 
Commodity 
Comment 
Contain, Container 
Commanding Officer 
Chief of 0;dnance 
Chief of Staff  
Colonel 
Commit t e e  
Commander 
Commandant 
Control 
United S ta tes  Continental Army Command 
Condition, conditioning 
Conditioner 
Conference 
Contract, Contractor 
Coordination 
Capable, Capabil i ty 
Circular  Probable Error 
Cos t-Plus -F ixed-F ee  
CORPORAL (Miss i l e )  
Chief of Research and Development 



GLOSSARY OF ABBREVIATIONS (Cont) 

Department of t h e  Army 
Department of t h e  Army Modification Work Order 
Deputy Commanding General 
Deputy Commanding General, B a l l i s t i c  Missiles 
Deputy Chief of S t a f f  f o r  Log is t i c s  
Deputy Chief of S t a f f  f o r  M i l i t a r y  Operations 
Deputy Chief of S ta f f  f o r  Personnel, Off ice  of 

Personnel Operations 
Deputy 
Department 
Detachment 
Develop, Development 
Developmental 
Dispos it ion Form 
Diameter 
Director ,  Di rec to ra te  
Disapprove, Disapproved 
D i s t r i c t  
Divis  ion 
Delivery 
Document 
Department of Defense 
Department of Defense Research and Engineering 
Diamond Ordnance Fuze Laboratories 
Doctor 
Direct  Support Unit 
Date Typed 
Dated 
Duplicate, Duplicat ion 
Duty 

Engineering Change Order 
Effect ive ,  Effec t iveness  
Elect ronics  
Engineering Model 
Engineer , Engineer ing 
Engineering Order . 
Equipment 
Engineer Research and Development Laboratories 
Eng ineer-Service 



GLOSSARY OF ABBREVIATIONS (Cont) 

Engineering Service  Memorandum 
Establ ish ,  Establishment . 
Evaluate, Evaluation 
Execute, Executive, Execution 

- F -  
Fahrenheit  
F i e l d  A r t i l l e r y  
F i e l d  A r t i l l e r y  Miss i l e  
Famil i a r l z a t  ion 
F i r s t  Lieutenant  
F i e l d  
F l i g h t  
F i e l d  Maintenance Shop Equipment 
F i e l d  Maintenance Tes t  S t a t  ion 
Footnote 
Telephone Conversation 
From 
Federal  Republic of Germany 
F i r i n g  Se t  
F i e l d  Service  Operat ions 
Feet ,  F o r t  
F i s c a l  Year 

- G -  

Guggenheim Aeronautical Laboratory, Ca l i fo rn ia  
I n s t i t u t e  of Technology 

General E l e c t r i c  (Company) 
General (Rank) 
General 
Guided Miss i l e  
Ground 
General Order 
Government 
Ground Support Equipment 
General Support Shop Set  
General Support Unit 
Gas Turbine Generator S e t  
Guidance T e s t  S t a t  ion 

H i s  tory ,  H i s t o r i c a l  
Headquarters 
Hour 

I n d u s t r i a l  Divis ion 
I n t e r  i m  Engineering Order 
Improvement 



GLOSSARY OF ABBREVIATIONS (Cont) 

In-------- Inch 
Incl------ Inclosure 
Ind------- Indorsement 
Info------ Informat ion 
Instl----- I n s t a l l a t  ion 
Intvw----- Interview 
Inves----- Inves t iga t ion  
IPR------- In-Process Review 
m~------ Intermediate Range B a l l i s t i c  Miss i le  
IT&T------ In te rna t iona l  Telephone and Telegraph Corporation 

- J -  

Jato------ J e t  Assisted Takeoff 
JPL------- J e t  Propulsion Laboratory 

- K -  ----- --- Kilometer 

- L o  

WP/TCC-- Longhorn Army Armnunition Plant ,  Thiokol Chemical 
Corporation 

Lab------- Laboratory 
LAOD------ Los Angeles Ordnance D i s t r i c t  
Lb(s) -----  pound(^) 
UB------- Land Combat Branch 
Lchr------ Launcher 
LCSI------ Land Combat Special  Items (Management 0ff ' ice) 
Lmt(d) ---- Limit(ed) 
Ln-------- Liaison 
LnO------- Liaison Off icer  
LOW------- Longhorn Ordnance Works 
LP-------- Limited Production 
LS-------- Launching S ta t ion  
LTC------- Lieutenant Colonel 
LTG------- Lieutenant General 
Ltr------- Le t t e r  
~ t ~ t - - - - - -  Lightweight 

- M -  
m--------- Meter 
MAJ------- Major (Rank) 
Maj------- Major 
MAP--- - - - -  Mil i t a ry  Assistance Program 
Mat------- Material ,  Materiel  
fir------- Member 
MC'~---- - -  Mi l i t a ry  Characteris  t i c s  
Memo------ Memorandum 
MFR------- Memorandum For Record 
MG-------- Major General 
Mgr------- Manager 

29 1 



GLOSSARY OF ABBREVIATIONS (Con t )  

Management 
Minneapol is -Honeywell 
Army Missile Command 
Master I n d u s t r i a l  Engineering Plan 
M i l i t a r y  
Minutes 
Missile Maintenance Platoon 
Missile Maintenance Technician 
Modif ica: ion 
Mi l i t a ry  Occupational Specia l ty  
Months 
Miles Per Hour 
Manpower 
Message 
Miss i l e  
Miss ion 
Miss i l e  System Plan 
Meet ing 
Motor 
Missile T e s t  S t a t i o n  

National  Aeronautics and Space Administration 
North A t l a n t i c  Treaty  Organization 
No Date I 

New Equipment Training , 
Naut ica l  M i l e  
No Subject  
New York Ordnance District 

Operational and Environmental (Tests)  
Ordnance Ammunition Command 
Off ice  of t h e  Ass i s t an t  Chief of S t a f f  f o r  Force 

Development 
Office,  Chief of t h e  Army F i e l d  Forces 
Office,  Chief of Ordnance 
Office,  Chief of Research and Development 
Off ice 
Ordnance Guided Missile School 
On-The-Job Training 
Ordnance Missile Laboratories 
Organizat ional  Maintenance T e s t  S t a t i o n  
Operation(s) 
Ordnance 
Ordnance Corps 
O r d n a n c e / ~ a l i f o r n i a  I n s t i t u t e  of Technology 
Organization 

29 2 





GLOSSARY OF ABBREVIATIONS (Cont) 

Round 
Request f o r  Deviation Approval 
Research and Development Division 
Research and Development Division-Ordnance Miss i l e  

Laboratories 
Research and Development Operations 
Research, Development, Tes t ,  and Evaluation 
Recommend, Reconmended 
Regulation 
Release 
Representat ive 
Report 
Request 
Respons i b i l  i t y  
Revise, Revis ion 
Range 
Records Holding Area 
Rocket 
Redstone Ordnance Office,  Los Angeles Area 
Requirement 
Redstone Arsenal 
Research 
Redstone S c i e n t i f i c  Information Center 
Respective, Respectively 

- S -  

Secre tary  of the  Army 
Surf aze-to-Air Miss i l e  
Systems Assembly Test  S t a t i o n  
SERGEANT Contractor  Ass is ted  Modification Program 
Schedule 
Section 
Secre tary  of Defense 
Secre tary  
SERGEANT Effect iveness  R e l i a b i l i t y  Data 
SERGEANT (Missi le)  
Ship, Shipped 
Signal  Corps 
Semiannual 
SERGEANT Modification Assistance Program 
Specia l  Order 
Specia l  
SERGEANT Pro jec t  Case F i l e s  
Spec i f i ca t ion  
SERGEANT Product Improvement Evaluation Program 
Support 
Specia l  Purpose Vehicle 
Senior 
Summary Sheet 



GLOSSARY OF ABBREVIATIONS (Cont) 

Surf ace-to-Surf ace  Guided Miss i le  
Surface-to-Surface Missile 
S t a f f  
Statement 
Subcontractor 
Subject  
Sperry Utah Company 
Sperry Utah Engineering Laboratory 
Summary 
Supplement, Supplemental 
Senior Agency/Command Representat ive 
System 

Thiokol Chemical Corporation 
Type C la s s i f i c a t i on  
Table of Dis t r ibu t ion  
Technical 
Army Test  and Evaluation Command 
Telephone 
Technical Guidance Direct ive  
T r a i l e r  
Training 
Technical Requirement 
Transport,  Transporter  
Transfer  
Truck 
Trans i t  ion 
Teletype 

United S t a t e s  
United S t a t e s  Army 
United S t a t e s  Army Ordnance Missile Command 

Victory-Europe 
Vehicle 
Volume 

Warhead 
Weapon 
White Sands Miss i le  Range 
Weapon System Plan' 
White Sands Proving Ground 
Weight 



GLOSSARY OF ABBREVIATIONS ( C o n  t) 

x~-------- E x p e r i m e n t a l  M o d e l  
Xmi t l - - - - -  T r a n s m i t t a l  - - - - - - - E x t e n d e d  R a n g e  LANCE 
XSSM------ E x p e r i m e n t a l  S u r f a c e - t o - S u r f a c e  M i s s i l e  
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